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Oear  M r .  L o s c u t o f f :  

SUEJSCT: D r a f t  Report  t o  t h e  S c i e n t i f i c  Xeview Pane l  o n  Cadmium 

So l l t he rn  C a l i f o r n i a  Zdisori Conpany h e s  reviewed t h e  d r a f t  
dozumenz e n t i t L e d  "Report  t o  t h e  S c i e n t i f i c  Review P a n e l  on 
CaSmiumM and would l i k e  t o  s u s x i i t - t h e s e  b r i e f  comnents on 
s e v e r a l  i n p o r t a n t  i s s u e s  which are a d e r e s s e d  i n  t h i s  r e p o r t .  
The  i s s u e s  o f  p r i m e q  conce rn  a r c  t h e  cadmium emis s ion  e s t i m a t e s  
f r cm o i l - f i z e d  power p i z n t s  and t h e  methods used t o  e s t i x a t e  the 
c = r c i n o ~ e n f c  r i s k s  from cadmium. 

I n  a r l d i t i o n  v e  would l i k e  t o  submi t  f o r  your  i n f o r m a t i o n  t h e  
L L r a r , s c r i p t r .  from t h e  r e c e n t  U . S .  Environmental  P r o t e c t i o n  
A 5 e n c y t s  p z S l i c  h e a r i n g  on t h e  ZJA Not i ce  o f  I n t e n t  t o  L i s t .  
C a d n i u ~  Un?er S e c t i o n  1 1 2  o f  t h e  C lean  A i r  Act .  

LZiscn  r e g r e z s  t h a t  we were u n e b i e  t o  n e e t  t h e  s t r i n g e n t  
d e a d l i n e  f o r  comqent s u b m i t t c l  . I,;e bel ie-ve,  however, t h a t  t h e  -. &:me p r o v i d e d  f o r  p u b l i c  reviet: ,  which k e s  Seen on t h s  o r d e r  o f  
two w e e k s ,  i s  no= s u f f i c i e n t  t c  a l l o v  t h e  l e v e l  c f  r ev i ew an5  
c c m e n t  t h e s e  impor t an t  d o c u n ~ n t s  require. 

T H E  ASOVE MENTIOGED ATTACHMENT O F  T R A N S C R I P T S  O F  E P A  H E A R I N G  
ON N O T I C E  O F  I I j T E h T  TO L I S T  C A D I l I U t l  UNDER S E C T I O i i  112  O F  THE 
C L E A N  A I R  ACT CAC B E  FOUND A S  A P P E N D I X  F O F  C O I t l E N T S  FROI! T Y E  
CADM1Ut.l C O U N C I L .  



E M I S S I O N  ESTIMATES 

ARB h a s  e s t i m a t e d  cadmium e r i s s i o n  f a c t o r s  ( l b  of Cd p e r  l b  
of f u e l  burned)  from o i l - f i r e d  pvder p l a n t s  by t a k i n g  an  average  
of e s t i m a t e s  from two s t u d i e s ,  Taback e t  a l .  (1979) and Krishnan 
and Hel lwig  (1982 ) .  The es t imated  emission f a c t o r  was t hen  
a p p l i e d  t o  t h e  r e s i d u a l  f u e l  o i l  consumption by u t i l i t i e s  i n  
1983 t o  o b t a i n  t h e  emission e s t ima te .  

Taback e t  a l .  analyzed f l u e  gas p a r t i . c u l a t e  samples from o i l  
f i r e d  power p l a n t s  i n  t h e  South Czest A i r  Basin.  Es t imates  of 
cadmium emis s ions  were made f o r  f o a r  of t h e  tes ts .  Since  t o t a l  
f u e l  o i l  consumption was recorded l u r i n g  t h e s e  tests,  it is 
p o s s i b l e  t o  c a l c u l a t e  f u e l  o i l  concen t r a t i on  of cadmium. T h i s  
d a t a  i s  p r e s e n t e d  i n  Table 1. 

TABLE 1. Cadmium Emission E s t i E a r e s  Based on S t ack  Sampling. 
(Taback e t  a l .  1979) 

Fuel  Oil 
E x i s s i o n  Consurp=ion 

~ Z S T $  Rate ( l b / h r )  R z t e  f I a / h r )  

Ca l cu l a t ed  
Fue l  O i l  

3 2 < 0 . 1  2 1 0 , 8 5 7  < 0.474 ppm 

3 3 2.08 209,055 6.383 ppm 

Krishnan and Hellwig (1982) have e s t ima ted  emiss ions  from 
r e s i d u a l  o i l - f i r e d  b o i l e r s  equipped wi th  v z r i o u s  t y p e s  of 
c o n t r o l  d e v i c e s .  Emission e s t i n a = e s  a r e  g iven i n  terms of 
picograms p e r  j o u l e  of  energy c o n t e ~ t  i n  t h e  f u e l .  ARB has 
assumed an energy c o n t e n t  of f u  l ' o i l  of 1 5 2 , 0 0 0  Btu/gal lon  
which i s  e r p i v a l e n t  t o  1 . 6  x 10' joxles /gal lor . .  It is  
p o s s i b l e  t o  c a l c u l a t e  t h e  concentrz=ion of cadnium i n  f u e l  o i l  
which would produce  t h e  e s t i n a t e d  e z i s s i o n s .  T h i s  is shown i n  
Table  2 .  



@ABLE 2 .  Cadmium Emission Estimates from Krishnan and Hellwig 
(1982). 

Emission 
Boiler Type/ Rate 
Control Device .fDa/J) 

Utility/ 71.8 
No Controls. 

~~uivalent* 
Concentration 
In Oil 

3.20 ppm 

0.642 ppm 

* Cadciun concentration in fuel oil which would 
qive eqivalent stack emissior,s (zssumes no control device). 

M 3  has estimated an average enission factor of 
epproxiretely 3.67 x lb/gal or 0.46 ppm in fuel oil. 
2 . i ~  k'as a?parently obtained by averaqing (1) the highest 
~Centified emission rate from the Tabeck study (and excluding 
=he otner neasured value which was about 10 times lower) and; 
(2) the estimate from the Krishnan study which applies to 
.tility boilers vith ESP control (even though utility boilers in 

(Ik'zlifornia are not equipped with these devices). 

Edison has measured cadrriuki concentrations in fuel oil at 
two power plants and has found cn average concentration of 
approxinately 0.1 ppn. ?here is a great range in trace element 
concentrations in crude and fuel oils and fftypicalff 
concentration estimates nay be significantly different from 
reasured values at a specific plant. If the two measured values 
obtained by Taback et al. are averaged (the "less thanu values 
are exclud<i) a fuel concentration of 0.21 ppm is obtained and 
this agrees fairly well with the Edison data. 

The exissions estimates presented by Krishnan and Hellwig 
should be viewed very cautiously. Although several studies of 
trace elenent emissions are cited by the authors, there is no 
specific reference for the data or methods used to calculate 
emissions of cadmium and other trace elements from oil-fired 
power plants. Thus the emissions factors are essentially 
unreferenced. The authors also point out that the emission 
C -zictors are "only general estimators of the actual emissions and 
co..ild v+ry  v i d e l y  fro3 plan: to pl+ntU . 



In view of the shortcomings of the Krishnan and Hellwig 
emissions factors and the fact that they are not in agreement 
with measured power plant emissions and fuel oil concentrations 
obtained at California plants, it would be preferable to use the 
data from Taback et al. in estimating cadmium emissions from 
residual oil-fired power plants. It must be recognized that 
emissions at any specific facility could be lower and that the 
emission factor is only an estimate. 

The ARB'S emissions estimates for residual fuel oil-fired 
power plants should be recalculated using the data from Taback 
et sl. and excluding the emissions factors from Krishnan and -- 
Eellwig which.are not in good agreement with data from 
California power plants. 

S\'P.LUATION OF TEE: CARCINOGZNIC RISKS OF CADI.!ILX 

In June of 1985, the U.S. Environmental Protection Agency 
released a final report addressing the mutagenicity and 
czrcinogenicity assessment of cadmium. In this report EPA 
states: 

"Altogether, the epidemiologic data appear to provide 
limited evidence of lung cancer risk from exposure to 
cadmium, based on the I2GC classification system ... and 
the U.S. Environmental Protection Agency's Proposed 
Guidelines for Carcinogen Risk Assessment (U.S. EPA, 
1984) It. 

iA7.C has describes "limited evidence" as llevidence of 
carcinogenicity, which indicates that a causal interpretation is 
credible, but that alternative explanations, such as chance, 
bias, or confounding, could not adequately be exclude . EPA 
derived a unit risk estimate for cadmium of 1 . 8  x 10-g'lusing 
the data from a study by Thun et al. (1985). 

3YS, after evaluating the same study by Thun & &., has 
conclxded that "there is sufficient evidence for carcinogenicity 
in hu~ans.~' DHS has also concluded th t the range -9f unit risk 
estixates for cadmium is from 2.3 %lo-' to 21 x 10 . The 
ugger limit of this range is nore than 10 tires higher than the 
unit risk recommended by EPA. 



Q u e s t i o n s  t h e r e l o r e  a r i s e  wi th  r e s p e c t  t o :  (1) Why does t h e  
H S  i n t e r p r e t a t i o n  of t h e  d a t a  d i f f e r  both q u a l i t a t i v e l y  and 

q u a n t i t a t i v e l y  from t h e  i n t e r p r e t a t i o n  of EPA?, and ( 2 )  How 
s t r o n g  is  t h e  evidence t h a t  cadmium is a human carcinogen? 

R i sk  e s t i m a t e s  developed by b o t h  EPA and DHS a r e  shown i n  
Table  3 .  

TABLE 3 .  Conparison of Un i t  R isk  Est imates  
f o r  Cachium Derived by DHS and EPh. 

UPPER BEST L O W  
SOURCE LIKIT ESTINATE ESTIMATE 

EPA 3 . 5  x l o e 3  1 . 8  X n o t  c a l c u l a t e d  

DHS 1s x l o e 3  2.0 10 '~  1 .6  x 
( u n c o r r e c t e d )  

f o r  cdo ) 

I t  shou ld  be noted t h a t  a l though EPh c a l c u l a t e d  a  95% upper 
conf idence  lirit (UCL)  f o r  caclmium potency,  t h i s  was no t  
sugges ted  a s  t h e  b e s t  e s t i r r a t e  of potency. E?A f e l t  t h a t  t h e  
95% UCL was ,"an  unnecessary added l e v e l  of coriservatism, s i n c e  
t h e  model used a l r eedy  i n f l a t e s  t h e  r i s k  es t imate  i f  non l inea r  
components e x i s t  o r  confounding f a c t o r s  a r e  present" .  [EPA 19853 

One miser reason f o r  t h e  d i f f e r e n c e s  between t h e  EPA and DHS 
r i s k  e s t i m a t e s  i s  t h a t  D3S has  c o r r e c t e d  exposures on t h e  
essumption t h a t  t h e  caemium l e v e l s  i n  t h e  ?tun e t  a l .  paper  were 
r e p o r t e d  a s  ca5z.Lun oxide.  I n  f a c t ,  t h e  vzlues  repor ted  by Thun 
were r e p o r t e d  2s calsium (no t  t h e  ox ide)  en< t h i s  adjustment  was . 
i n c o r r e c t .  The Last  l i n e  of Table 1 should :herefore be 
d i s r e g a r d e d  2nd t h e s e  va lue s  d e l e t e d  from t h e  d r a f t  r e p o r t .  

The be  - es t ima te s  d e r i v  d by EPA and D:-:S a r e  q u i t e  s i m i l a r  
( 2 . 0  x 10-3Lvers.:s 1 . 8  x lo- ')  i n  s p i t e  of t h e  f a c t  t h a t  - *.s t hey  a r e  u s i n p  c:--erect models and t h a t  3ES bas censoted t h e  
d a t a  froxi t h e  s:.:dy by excludinp any data  u t i c h  does no t  show an 
i nc r ea sed  cancer  =is:< f r o 3  caenium exposare ,  zs discussed below. 



The s i g n i f i c a n t  d i f f e r e n c e s  befween t h e  DHS and EPA 
e s t i m a t e s  r e s u l t  from t h e  methods used t o  c a l c u l a t e  upper l i m i t s  
of r i s k .  EPA h a s  used a s t a t i s t i c a l  approach t o  d e r i v e  a  
p r o b a b i l i s t i c  e s t i m a t e  of t h e  upper  l i m i t  o f  r i s k .  DHS has  used 
a t e c h n i q u e  which t h e y  r e f e r  t o  a s  *8maximizing t h e  s lope"  which 
is n o t  r e a l l y  a  model bu t  merely a s e n s i t i v i t y  a n a l y s i s  using 
"worst  case t1  assumptions t o  d e r i v e  a n o n - s t a t i s t i c a l  8sworst 
case"  e s t i m a t e  o f  r i s k .  DHS has  de r ived  an upper l i m i t  by 
assuming; (1) t h a t  t h e  e n t i r e  moderate  exposure group was 
exposed t o  t h e  lowest  l e v e l  of t h e  concen t ra t ion  i n t e r v a l  f o r  
t h a t  group;  and ( 2 )  t h a t  t h e  t r u e  cancer  response observed i n  
t h a t  group may have been h igher  ( i - e .  t h e  9 5 %  UC; f o r  t h e  
r e l a t i v e  r i s k ) .  DKS a l s o  uses  a  h ighe r  e s t i m a t e  o f  t h e  
background r a t e  f o r  lung cancer  t h a n  i s  used by :PA i n  t h e i r  
a ssessment .  

The combined e f f e c t  of these a s s u m p ~ i o n s  is 20 c r e a t e  a  
"wors t  c a s e n  e s t i m a t e  of r i s k  which probably has  no bear ing  on 
t h e  t r u e  r i s k .  

The majcr  problem with t h e  model use6 by XiS i s  t h a t  it 
cannot.accommodaze d a t a  which i n d i c a t e  no i nc r ea se  i n  cancer  
among t h e  exposed popula t ion .  The low exposure c roap  i n  r h e  
Thun e t  a l .  s t udy  is  a case  i n  p o i n t .  This da t a  was excluded 
from t h e  a n a l y s i s  because it d i d  n o t  f i t  i n t o  t h e  nodel  used by 
DHS and because DHS s t a f f  d id  no t  lqbel ieve"  t h a t  cadmium 
exposure  could have a  h e a l t h  p r o t e c t i v e  e f f e c t .  I n  c a l c u l a t i n g  
t h e  minimized e s t i m a t e  of t h e  s l o p e  f o r  t h e  moderate exposure 
group,  ano the r  d a t a  p o i n t  was d e l e t e d  f o r  t h e  s a z e  reasons .  
T h i s  t y p e  of d a t a  cansor ing is c l e a r l y  u n s c i e n t i f i c .  Co 
r e a s o n a b l e  j u s t i f i c a t i o n  has  been g iven f o r  t h i s  s e i e c t i v e  ase 
of d a t a .  The d a t a  f o r  t h e  low exposure groua is j u s t  a s  v a l i d  
a s  t h e  o t h e r  d a t a  p resen ted  i n  t h e  s tudy.  I f  t l e  nodel  chosen 
by DHS does  no t  a l low f o r  t h e  use  of a l l  t h e  d a t a  a v a i l a b l e  i n  
t h e  s t u d y ,  then a d i f f e r e n t  model should be chosen. Th i s  would 
be  p r e f e r a b l e  t o  exc lus ion  of d a t a  based on g ~ r i o r i  assumptions 
concern ing  t h e  shape of t h e  dose response curve. Other  models, 
such  a s  t h e  one nsed by EPA, do no t  p r e sen t  t h i s  t ype  cf 
problem. Models which a l low f o r  t h e  use of +11 =he d a t a  should 
be used by DHS. . 

The i s s u e  of t h r e s h o l d s  has  n o t  been d e a l t  wi=h adequately 
i n  t h e  DHS r e p o r t .  The l a c k  of response  of t h e  low expssure  
group i n  t h e  Thun s tudy  should have s t i x l a t e d  s c n e  d i scuss ion  
w i t h  r e g a r d  t o  t h e  p o s s i b i l i t y  of a  t h r e sho ld  ptenomenoz. This 
i s  p a r t i c u l a r l y  t r u e  i n  l i g h t  of t h e  fat: = ~ E E  :ke evidence f o r %  
mutagen i c i t y  of c ad r iun  i s  very l i x l t e e .  E ? b a s  a n e l y s i s  has 
shown t h a t  a  t h r e s h o l d  model f i t s  t n e  de2z a s  w e l l  a s  e l i n e a r  
dose  response  model. The p o s s i b i l i t y  of + =t res t> ld  phenolenon 
shou ld  be e - ~ a l u a t e d  wi=h r e spec t  t o  t h e  '&" ,..,n cia:=. 



Thun has taken steps to estimate the potential effects of 
a i o k i n g  and arsenic exposure on the worker population. However, 

the potential confounding effects of arsenic exposures in the 
workplace and the combined effects of smoking and arsenic cannot 
be ruled out as a potential cause of the increased cancer 
incidence at this time. It must be noted that the actual 
increase in cancer in the exposed group is fairly small. There 
were 7 cancers observed versus 4.6 cancers expected'in the 
moderate exposure group. If it were found that these 7 workers 
with cancer had significantly higher arsenic exposure than the 
other memSers of this exposure category, the significance of 
this this study would have to be reevaluated. This type of 
nested case/control study is currently being performed by Dr. 
Thun. DHS should await the results of this study before 
finalizing their health effects evaluation. 

Given the possible effects of arsenic exposure on the 
workers in the Tnun study and the lack of a consistent dose 
response relationship in the epidemiological studies, EPAgs 
conclusion of "limited evidence" of lung cancer risk from 
cedxium appears warranted. This lack of strong epidemiologic 
ev 4 --ence, A the possibility of nonlinear cczponents in the dose 
response function, an8 potential confounding variables played a 
role in EPAts decision to reconmend the naxinum likelihood 
estimate of risk as the best single estimate. DXS should also 

e e  :=+in from reconmending upper bound estimates of risk for 
purposes of extrapolation until the uncertainties in the 
occupational epidemiology studies.czn be resolved. 

IJith respect to new data on cadmium an8 cancer, DHS should 
also consider obtaining the papers which will be presented at 
the Fifth International Cadmium Confererice in San Francisco on 
February 4-6, 19E6. Presentations by Dr. Thun and Dr. L a m  on 
'ebruary 6 may be of particular interest to DHS staff. 
Certainly -.he staff would want to incorporate any new 
information presented at this meeting before sending the report 
to the Scientific Review Panel for their review. 

Edison appreciates being provided =he opportunity to comment 
on this and other Toxic Air Contaminant documents. Again we 
epoligize for any inconvenience the minor delay in our submittal 
lay have caused. 

Sincerely, 
1 

1 

I 



Gd Cadmium Council, Inc. 
292hkxWnAvenue 
NewVorfcNYKXlD 

January 29. '1986 

Sr. Richard Bode 
California Air Resources Board 
1800 15th Street 
P.O. Box 2815 
Sacramento, CA 95812 

Dear Mr. Bode: 

Enclosed are the Cadmium Council's coments on the Draft Report on Cadmium 
to the Scientific Review Panel. 

Thank you for the opportunity of letting us conment on this document. 
If you have any questions, please contact me. 

. Giovina L. Leone 
Director. Environmental Health 

cm 
enclosure 



BEFORE THE CALIFORNIA A I R  RESOURCES BOARD 

SACRAMENTO, CALIFORNIA 

I n  t h e  m a t t e r  o f :  Draf t  Report t o  t h e  S c i e n t i f i c  Review Panel  on Cadmium 

COMMENTS OF THE CADI4IUM COUNCIL, I N C .  

The Cadmium C o u n c i l ,  I n c . ,  i s  a  n o n - p r o f i t  t r a d e  a s s o c i a t i o n  which 

r e p r e s e n t s  producers ,  processors ,  and i n d u s t r i a l  u se r s  of cadmium i n  Canada and 

t h e  United S t a t e s .  The Council 's  o b j e c t i v e  with regard t o  cadmium and h e a l t h  is 

t o  d e v e l o p  and d isseminate  informat ion  on t h e  h e a l t h  e f f e c t s  o f  cadmium i n  o rde r  a 0 a s s u r e  t h e  s a f e  use  of cadmium i n  t h e  occupa t iona l  and g e n e r a l  environment. 

T h i s  i s  accomplished through t h e  sponsorsh ip  of research  on t h e  p o t e n t i a l  h e a l t h  

e f f e c t s  of cadmium exposure, p u b l i c a t i o n  o f  educa t iona l  and t r a i n i n g  m a t e r i a l s  

and  d i s s e m i n a t i o n  o f  i n f o r m a t i o n  i n c l u d i n g  c u r r e n t  d e v e l o p m e n t s  i n  cadmium 

h e a l t h  r e s e a r z h .  T h i s  d a t a  b a s e  i s  s u b s e q u e n t l y  used  i n  t h e  d e v e l o p m e n t  o f  

o c c u p a t i o n a l  and environmental  r e g u l a t i o n s  which a s su re  the  p r o t e c t i o n  of h e a l t h  

whi le  being t eohno log ica l ly  and economical ly f e a s i b l e .  

B e f o r ?  c o n t i n u i n g ,  I would  l i k e  t o  thank t h e  Air R e s o u r c e s  Board on 

b e h a l f  of t h e  members of the  Cadmium Counci l  f o r  t h e  oppor tuni ty  t o  commznt on 

t h e  d r a f t  r e p o r t  on cadmium. 

Accor,:ing t o  the  d r a f t ,  t he  Ai:. Resources Board recommends t h a t  cadmium 

bs  l i s t e d  a s  a  t o x i c  a i r  contaminant bezause cadmium, s t a t e d  unt?q; i ivocal ly,  i s  a  

unan Carcinogen. It  i s  the  purpose c:' t h e s e  comments t 3  p rov ide  t h e  A R B  w i t h  



informat ion  which w i l l  c a s t  s e r i o u s  doubt on t h i s  s tatement .  So much doubt t h a t  

t h e  EPAts  f i n a l  Updated M u t a g e n i c i t y  and C a r c i n o g e n i c i t y  Assessment  Document 

c o u l d  n o t  p r o v i d e  s o l i d  e v i d e n c e  t o  s u p p o r t  a n  u n e q u i v o c a l  c o n c l u s i o n  abou t  

cadmium's p o t e n t i a l  as a  human carcinogen. 

The EPA concluded that t h e r e  was l i m i t e d  human ev idenoe  t h a t  cadmium 

causes  lung  cancer.  The Counci l  f e e l s  t h a t  even t h i s  conc lus ion  i s  inaccura te  

i n  l i g h t  o f  new e v i d e n c e  t h a t  would be con t rad ic to ry .  I n  a d d i t i o n ,  r e a n a l y s i s  

o f  the  key e p i d e m i o l o g i c a l  s tudy  is s t i l l  continuing.  And, f u r t h e r  work is  a l s o  

b e i n g  done  on  c o n f i r m a t i o n  o f  t h e  key a n i m a l  s t u d y .  U n t i l  t h e s e  s t u d i e s  a r e  

completed and c o n c l u s i o n s  a r e  reached, t h e  Cadmium Council  f e e l s  t h a t  t h e r e  is 

insufficient ev idence  t h a t  cadmium is a  human lung carcinogen.  Therefore,  we 

f e e l  t h a t  t h e r e  i s  p r e s e n t l y  no s c i e n t i f i c a l l y  sound b a s i s  f o r  l i s t l n g  cadmium 

a s  a  toxic a i r  contaminant  by t h e  ARB. 

The ARB'$ c o n c l u s i o n  i s  a  quantum l e a p  from t h e  EPA c o n c l u s i o n  e v e n  

though ARB h a s  found  no  new s t u d i e s  t o  s u p p o r t  s u c h  a  d e f i n i t i v e  c l a i m .  I n  
0 

o r d e r  t o  b e t t e r  unders tand why EPA reached a  l e s s  d e f i n i t i v e  conc lus ion ,  it is 

i m p o r t a n t  t o  h a v e  some background  on t h e  e v o l u t i o n  o f  t h e  EPA a s s e s s m e n t  

document and i ts  purpose. 

The first d r a f t  o f  t h e  h e a l t h  a s s e s s m e n t  document  i s s u e d  i n  1983 

reviewe.' t h e  sn imal  and ep idemio log ica l  ev idence  concerning t h e  ca rc inogen ic i ty  

of cadmlun and concluded t h a t  cadmium and c e r t a i n  compounds "probably" caused 

c a n c e r  o f  t h e  p r o s t a t e  i n  humans. T h i s  was a  r a d i c a l  d e p a r t u r e  from t h e  1981 

v e r s i o n  which con2luded t h a t  t h e r e  was no evidence  s u f f i c i e n t  t o  e s t a b l i s h  t h a t  

cadmiurn might be human carc inogen.  



T h e  EPA C a n c e r  A s s e s s m e n t  G r o u p  w i t h d r e w  t h e  1983 d r a f t  b e c a u s e  o f  

.comments which i t  r e c e i v e d  i n d l c a t i n g  s i g n i f i c a n t  n e g a t i v e  e v i d e n c e  h a d  n o t  been 

c o n s i d e r e d  w h i c h  c o n t r a d i c t e d  t h e i r  c o n c l u s i o n  t h a t  cadmium p r o b a b l y  c a u s e s  

p r o s t a t i c  c a n c e r .  

T h e n  i n  1984, a s e c o n d  d r a f t  h e a l t h  a s s e s s m e n t  d o c u m e n t  was i s s u e d .  

A f t e r  r e c o n s i d e r i n g  t h e i r  f irst  c o n c l u s i o n ,  t h e y  d e c i d e d  t h a t  cadmium c o u l d  o n l y  

weak1 y  b e  a s s o c i a t e d  w i t h  p r o s t a t i c  c a n c e r .  But ,  t h e y  f u r t h e r  c o n c l u d e d  t h a t  

new e p i d e m i o l o g i c a l  e v i d e n c e  s u g g e s t e d  t h a t  cadmium may c a u s e  l u n g  c a n c e r  

i n s t e a d .  T h i s  c o n c l u s i o n  was b a s e d  p r i m a r i l y  on one c h r o n i c  a n i m a l  i n h a l a t i o n  

s t u d y  b y  T a k e n a k a  a n d  c o w o r k e r s ,  b u t  m o r e  i m p o r t a n t l y ,  on a n  e p i d e m i o l o g i c a l  

s t u d y  by D r .  Thun o f  t h e  N a t i o n a l  I n s t i t u t e  o f  O c c u p a t i o n a l  S a f e t y  and  H e a l t h .  

Tnun  f o u n d  a n  e x c e s s  o f  l u n g  c a n c e r  among  w o r k e r s  e z p l o y e d  f o r  s i x  m o n t h s  o r  

l o n g e r  a t  a  U.S. cadmium p r o d u c t i o n  f a c i l i t y .  The Cadniuz C o u n c i l ' s  comments on 

t h i s  d r a f t  a r e  p r s v i d e d  a s  Appendix A .  

The EPA S c i e n c e  A d v i s o r y  B o a r d ' s  M e t a l s  Subcommittee met i n  O c t o b e r  o f  

1984 a t  t h e  U n i v e r s i t y  of R o c h e s t e r  t o  r e v i e w  t h e  d r a f t  document. Among t h o s e  

g i v i n g  p u b l i c  p r e s e n t a t i o n s  were e x p e r t s  i n v i t e d  by t h e  Cadmium C o u n c i l .  These 

e x p e r t s  i n c l u d e d  D r .  G e o r g e  K a z a n t z i s  o f  t h e  U.K., D r .  E d j a  H a s s l e r  o f  S w e d e n ,  

D r .  S t e v e n  Lama f rom W a s h i n g t o n ,  D.C., a n d  Dr. L o v e 1 1  W h i t e  o f  ASARCO. Upon 

c o m p l e t i o n  o f  tine p r e s e n t a t i o n s ,  t h e  Metals S u b c o r n i t t e e  d r a f t e d  recommendat ions  

f o r  c h a n g e  t o  t h e  documment ( A p p e n d i x  9).  T h e s e  r e c o m m e n d a t i o n s  were s e n t  t o  

t h e  SAa Envi ron :nen ta l  H e a l t h  Committee a t  w h i c h  t imc t!~ey were c o n s i d e r e d  a l o w  

w i t h  w r i t t e n  comments  made b y  t h e  p u b l i c .  The Cadmium C o u n c i l  s u b m i t t e g  

a d d i t i o n a l  coaments  which summarized t h e  p r e s e n t a t i a n s  r a d e  b e f o r e  t h e  Metals 

3 u b c o m i t t e e  :A?pendlx C). 



Even  t h o u g h  t h e  l e t t e r  which  was sent  t o  t h e  A d m i n i s t r a t o r  o f  EPA by 

t h e  S A B  a g r e e d  w i t h  t h e  q u a l i t a t i v e  f i n d i n g s  i n  t h e  u p d a t e d  document,  t h e  SAB 

q u a l i f i e d  t h e i r  s t a t emen t  with s e v e r a l  recommendations f o r  f u r t h e r  s tudy.  

The SAB was very  c r i t i c a l  o f  t h e  q u a n t i t a t i v e  r i s k  assessment which was 

done  by t h e  C a n c e r  Assessment  Croup recommending s e v e r a l  c h a n g e s  a n d  a  

r e a n a l y s i s  o f  the '  d a t a .  

Although t h e  SAB found t h e  Takenaka study t o  be  s u f f i c i e n t  ev idence  of 

cadmium's a b i l i t y  t o  c a u s e  c a n c e r  i n  a n i m a l s ,  t h e y  f e l t  more i n f o r m a t i o n  was 

needed on t h e  a c t u a l  p a r t i c l e  s i z e  d i s t r i b u t i o n  of a a ~ i e n t  cadmium t o  which t h e  

g e n e r a l  p u b l i c  would be exposed. T h i s  in fo rmt ion  would a l l o w  a  comparison of 

t h e  e f f e c t i v e  d o s e  g i v e n  t o  r a t s  i n  t h e  Takenaka  s t u d y  w i t h  t y p i c a l  human 

exposure f o r  t h e  purpose o f  q u a n t i t a t i v e  r i s k  a s sessnen t .  

Of  s i g n i f i c a n c e  i s  t h e  f a c t  t h a t  t h e  SAB r e c o g n i z e d  t h e  e f f e c t  o f  

s o l u b i l i t y  on t h e  b i o a v a i l a ' b i l i t y  o f  v a r i o u s  cadmium compounds and  t h u s ,  a  

d i f f e r e n c e  i n  t h e i r  t o x i c  potency. According t o  t h e  ARB d r a f t  document, r e c e n t  

s t u d i e s  s u g g e s t  a b s o r p t i o n  may not  be dependant  on s o l u b i l i t y .  The Oberdoers ter  

e t - a l .  (1979)  s t u d y  compar ing  t h e  l u n g  c l e a r a n c e  o f  cadmium c h l o r i d e  v e r s u s  

cadmium o x i d e  i n  r a t s  was c i t e d  i n  s u p p o r t  o f  this s ta tement .  However, t h e  SAB 

s u b c o m m i t t e e  f o u n d  t h a t  l e s s e r  s o l u b i l i t y  d o e s  e f f e c t  t h e  t o x i c i t y  o f  some 

cadmium s a l t s .  For example, a  r a t  i n h a l a t i o n  s tudy cane  by Rusch e t - a l .  (1984, 

Fundam. Appl .  T o x i c o l . )  found cadmium r e d  a n 3  y e l l a x  3 i ~ m e n t s  t o  be much l e s s  

b i o a v a i l a b l r  r e s u l t i n g  i n  decreased a b s o r p t i o n  and t : x i c i t y  when compared  t o  

cadmium c a r b o n a t e  and cadmium fume. 

I n  a d d i t i o n ,  t h e  SAB found D r .  Thun's a n a l y s i s  o f  t h e  c o n f o u n d i n 3  

e f f e c t s  Of smokinz t o  be reasonable  a n d ,  therefor:,  n o t  s i ~ n i f l c s n t .  However, 

D r .  Tndn's a n a l y s i s  of a r s e n i c  a s  a  confounding v i ~ i a 3 l s  vas ~ r i t i c i z e d  f o r  n o t  e 



us ing  i n d i v i d u a l  a r s e n i c  exposure l e v e l s .  It was f u r t h e r  recommended t h a t  t h e  

j o i n t  e f f e c t  of c i g a r e t t e  smoking and a r s e n i c  exposure be examined. 

The f i n a l  document p u b l i s h e d  i n  J u n e  o f  1985, had no  new e v i d e n c e  t o  

s u p p o r t  i t s  c o n c l u s i o n  t h a t  cadmium may c a u s e  l u n g  c a n c e r  i n  humans. And, 

a l t h o u g h  t h e  document d id  n o t  r e f l e c t  t h e  p u b l i c  comments which c r i t i c i z e d  t h e  

an ima l  and ep idemio log ica l  s t u d i e s  upon which t h i s  conc lus ion  is based, i t  d id  

change i t s  conclus ion  t h a t  t h e r e  was s u f f i c i e n t  ev idence  t o  r ega rd  cadmium a s  a  

mutagen. I n  a d d i t i o n ,  t h e  q u a n t i t a t i v e  r i s k  a s s e s s m e n t  was r e c a l c u l a t e d  

according  t o  SAB's recommendation. 

Unfor tunate ly ,  t h e  SAB's a d d i t i o n a l  recommendations were no t  included 

i n  t h e  f i n a l  document. I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  i n  t h e i r  l e t t e r  t o  t h e  

EPA, t h e y  c r i t i c i z e d  t h e  EPA C a n c e r  Assessmen t  Group f o r  n o t  i n c l u d i n g  t h e  

r ecommenda t ions  t h e y  made on  t h o  p r e v i o u s  d r a f t .  T h i s  is n o t  t o  s a y  t h a t  t h e  

SAB's comments f e l l  on d e a f  e a r s .  I n d e e d ,  Dr. Thun a l m o s t  i m m e d i a t e l y  went 

about  c o l l e c t i n g  more d a t a  i n  an  e f f o r t  t o  r e s o l v e  t h e  confounding e f f e c t s  of 

a r s e n i c  e x p o s u r e  and smoking among h i s  o r i g i n a l  c o h o r t .  R a t h e r  t h a n  s t a t i n g  

t h i s ,  t h e  f i n a l  document r e p e a t e d l y  a r g u e s  t h a t  t h e  Thun a n a l y s i s  a d e q u a t e l y  

addressed  these  confounding v a r i a b l e s  d e s p i t e  t h e  absence o f  new evidence. 

S ince  the  f i n a l  document was pub l i shed ,  Dr. George Kazantz is  d id  a  case  

c o n t r o l  s tudy  f o r  long cance r  a s  p a r t  o f  a  r e c e n t l y  completed c o h o r t  m o r t a l i t y  

s t u d y  of 6,995 male cadmium workers  (Appendix D). This  c a s e  c o n t r o l  s tudy was 

done  i n  r e s p o n s e  t o  t h e  f i n d i n g  o f  a n  e x c e s s  r i s k  o f  l u n g  c a n c e r  i n  t h e  low 

e x p o s u r e  g r o u p  o f  t h i s  c o h o r t .  Dr. K a z a n t z i s  found t h a t  t h i s  e x c e s s  r i s k  o f  

l ang  cancer  was no t  due t o  cadmium, nor  was t h e  excess  r i s k  o f  b r o n c h i t i s  found 

0 i n  t h e  medium exposure group. 



I n  a d d i t i o n ,  t h e  F r a u n h o f e r  I n s t i t u t e  h a s  begun a  long- term i n h a l a t i o n  

s t u d y  w i t h  c a d m i u m  w h i c h  i s  a f o l l o w - u p  t o  t h e  l a +  n a k a  s t u d y .  I n  o r d e r  t o  @ 
c o n f i r m  ;s o r i g i n a l  f i n d i n g s ,  h a m s t e r s  a n d  mice w i l l  be e x p o s e d  t o  f o u r  

d i f f e r e n t  c a d m i u m  compounds ,  i n c l u d i n g  cadmium o x i d e .  T h i s  s t u d y  s h o u l d  b e  

comple ted  somet ime  i n  l a t e  1986. 

A n o t h e r . r e a n a l y s i s  o f  t h e  ASARCO c o h o r t  is p r e s e n t l y  b e i n g  c o n d u c t e d  by 

Dr. S t e v e n  Lamm o f  CEOH i n  W a s h i n g t o n ,  D.C.. D r .  Lamm's p r e l i m i n a r y  a n a l y s i s  

s h o w s  t h a t  a r s e n i c  e x p o s u r e  a n d  s m o k i n g  c o u l d  h a v e  c a u s e d  t h e  e x c e s s  o f  l u n g  

c a n c e r  d e a t h s  s e e n , i n  t h i s  c o h o r t .  

A c c o r d i n g  t o  Dr. Lamm, p l a n t  h i s t o r y  i n d i c a t e s  t h r e e  i n d u s t r i a l  e r a s  

w i t h  r e s p e c t  t o  a r s e n i c  a t  t h i s  work si te.  P r i o r  t o  1926, t h e  a r s e n i c  p l a n t  o n  

s i t e  was  a c t i v e l y  r e f i n i n g  t h e  a r s e n i c  t r i o x i d e ,  b u t  c r u d e  a r s e n i c  v a s  o n l y  

s t o c k p i l e d  a f t e r  1940,  when t h e  f e e d s t o c k  a r s a n i c  c o n t e n t  dropped t o  a b o u t  1%. 

A n a l y s i s  o f  c o h o r t s  b y  d a t e  o f  h i r e ,  r a t t e r  t h a n  b y  d a t e s  o f  

e m p l o y m e n t ,  i s  n e c e s s a r y  t o  s e p a r a t e  t h e  e f f e c t s  f r o m  e a c h  e x p o s u r e  p e r i o d .  
a 

t i t t l e  i n d u s t r i a l  h y g i e n e  d a t a  p r e c e e d s  the 1950's. A n a l y s i s  o f  t h e  m o r t a l i t y  

d a t a  i n d i c a t e s  a m a r k e d  l u n g  c a n c e r  r i s k  f o r  w o r k e r s  h i r e d  p r i o r  t o  1 9 2 6  ( a n d  

w o r k i n g  t h r o u g h  1 9 4 0 1 ,  a  m o d e r a t e  e x c e s s  l u n g  c a n c e r  r i s k  f o r  w o r k e r s  h i r e d  

between 1926 a n d  1940 (and working th rough  19401, and n o  e x c e s s  l u n g  c a n c e r  r i s k  

f o r  t h o s e  h i r e d  i n  1 9 4 0  o r  l a t e r .  T h e s e  o a t i  w o , ~ l d  s u g s e s t  t h a t  a r s e n i c  

e x p o s u r e  m i g h t  be t h e  major  d e t e r m i n a n t  o f  r i s k .  

V i t h  r e g a r d  t o  s m o k i n g ,  h i s t o r i e s  o f  s m o k i n g  h a b i t s  f o r  w o r k e r s  f r o m  

f i f t y  Y e a r s  a g o  c a n n o t  b e  o b t a i n e d .  A d j u s t a e n t s  o f  e x ~ a c t e d  l u n 3  c a n c e r  r i s k  

f o r  m i s s i n g  srnokins  i n f o r m a t i o n  is 3ener ; i l l ; r  j a s e d  o n  assum.3tions o f  r i s k  a s  a  

f u n c t i o n  o f  p a c k - y e a r s  o f  e x p o s u r s s .  a i t ,  p a c k - y s a r s  o f  e x p o s u r e  a s s u m e s  

l i n e r i t y  i n  r i s k  fcrr  b o t h  i n t e n s i t y  o f  5 3 3 ; : : ~ ~  an: i : l r s : i o n  o f  s m o k i n s ,  x h i l ?  

* p i d e m i o l o g i c a l  a r l s l j s i s  i n d i c a t e s  t h ~ i  d'~r?.:ion 3f s:s::ing i s  a f m r  o r d e r  r i s k  
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f a c t o r .  Methodology f o r  a d j u s t i n g  e x p e c t e d  r i s k s  f o r  d u r a t i o n  o f  smoking 

h i s t o r y  need t o  b e  d e v e l o p e d .  Dr. a m  h a s  begun t o  a s s e s s  t h e  e f f e c t s  o f  

a r s e n i c  exposure and smoking f o r  t h i s  cohort .  The results o f  t h i s  a n a l y s i s  w i l l  

b e  p r e s e n t e d  a t  t h e  I n t e r n a t i o n a l  Cadmium Confe rence  t o  be h e l d  i n  Sari 

F ranc i sco ,  February 4-6, 1986. 

In an e f f o r t  t o  r e s o l v e  t h e s e  ques t ions ,  t h e  Cadmium Council is among 

t h e  sponsors  o f  t h e  I n t e r n a t i o n a l  Cadmium Conference and a workshop cha i red  by 

S i r  Richard D o l l  s p e c i f i c a l l y  on cadmium and cancer.  S i r  Richard D o l l ,  one of 

t h e  most o u t s t a n d i n g  e p i d e m i o l o g i s t s  i n  t h e  w o r l d ,  s t a t e d  i n  a r e c e n t  

p u b l i c a t i o n  e n t i t l e d  " O c c u p a t i o n a l  Cance r :  P rob lems  i n  I n t e r p r e t i n g  Human 

Evidence" t h a t  i n  h i s  view, cadmium s h o u l d  no t  be regarded a s  a  human carc inogen 

w i t : )  r e f e rence  t o  p r o s t a t i c  cance r  (Appendix E). 

According t o  S i r  Doll :  

"It m u s t  be remembered t o o ,  t h a t  when an unexpected f i n d i n g  i s  observed 
and f u r t h e r  s t u d i e s  a r e  made t o  check i t ,  the  f i r s t  s e t  of d a t a  must be 
r e g a r d e d  a s  h y p o t h e s i s - f o r m i n g  and e x c l u d e d  from t h e  s u b s e q u e n t  
a n a l y s i s .  F a i l u r e  t o  remember t h i s  l e d  t h e  members o f  a  r e c e n t  
INTERNATIONAL WORKSHOP ON THE CARCINOGENICITY OF METALS (1981) i n t o  
e r r o r  when t h e y  c o n c l u d e d ,  o n  t h e  a d v i c e  o f  a  c o m m i t t e e  which  1 
cha i red ,  t h a t  'exposure t o  cadmium had con t r ibu ted  t o  t h e  development 
of p r o s t a t i c  cancer '  i n  f o u r  s e r i e s  of cadmium workers. The d a t a  t h a t  
were a v a i l a b l e  t o  t h e  c o m m i t t e e  a r e  sumnar ized  i n  T a b l e  4 ,  and t h e s e  
r e s u l t s  were a s sessed  a s  being l i k e l y  t o  t u r n  up by 

Table  4 P r o s t a t i c  Cancer i n  Cadmium Workers: Evidence Avai lable  
i n  1981 

Number 
Country Observed Expected C h a r a c t e r i s t i c  

Grea t  B r i t a i n  4 
U.S.A. 4 
Sweden ( 1 )  2 
Sweden ( 2 )  4 

0.6 Cases 
1 .2  i)eaths 
i .2 Cases 
2.7 Cases 



chance a l o n g  o n l y  twice i n  a thousand had t h e  f i r s t  B r i t i s h  s e r i e s  been 
o m i t t e d ,  as  i t  s h o u l d  h a v e  b e e n ,  a f u r t h e r  10  c a s e s  would h a v e  been  
counted a g a i n s t  5.1 expected,  g i v i n g  a one- t a i l e2  P v a l u e  of 0.04, t h e  
c o n c l u s i o n  t h a t  cadmium c o n t r i b u t e d  t o  t h e  c a u s a t i o n  o f  p r o s t a t i c  
c a n c e r  would have been, a t  t h e  most ,  t e n t a t i v e ,  and t h e  r e s u l t s  o f  t h e  
r e c e n t  l a r g e - s c a l e  s t u d i e s  o f  a l l  men occupa t iona l ly  exposed t o  cadmium 
i n  t h e  w h o l e  o f  E n g l a n d ,  w h i c h  a r e  summarized i n  T a b l e  5 ,  would n o t  
have come as a  su rp r i se . "  

A s  e v i d e n c e d  by t h i s  e x a m p l e ,  e r r o r s  i n  a n a l y s i s  o f  e p i d e m i o l o g i c a l  

d a t a  c a n  b e  made e a s i l y  when s t a t i s t i c a l  e v i d e n c e  i s  e ' r a l u a t e d  i m p r o p e r l y .  

However, a n  e r r o r  i n  judgement i S  a s su red  when s t a t i s t i c & :  ev idence  is ignored 

comple te ly .  The f o l l o w i n g  statement  from t h e  d r a f t -  documezt i m p l i c a t i n g  a  cause  

and  e f f e c t  r e l a t i o n s h i p  between cadmium a n d  p r o s t a t i c  c a n c e r  which t o t a l l y  

disavows t h e  s t a t i s t i c a l  evidence m u s t  be  d e l e t e d :  

"Because  t h e  human s t u d i e s  r e p e a t e d l y  f i n d  s o r e  e l e v a t i o n  i n  r i s k ,  
a l b e i t  a  n o n - s i g n i f i c a n t  o n e ,  t h e  s t a f f  of DiiS l o e s  n o t  b e l i e v e  t h a t  
t h e r e  is  evidence t o  r e j e c t  an  e f f e c t  o f  cadniuffi on p r o s t a t i c  cancer ."  

T h i s  s t a t e m e n t  is  n o t h i n g  more t h a n  a n  e d i t o r i a l  comment. S o m e t h i n g  

t h a t  should be l e f t  out  of a  s c i e n t i f i c  document. 

A s  f a r  a s  cadmium's a b i l i t y  t o  c a u s e  l u n g  c a n c e r ,  S i r  D o l l  c o n c l u d e d  

t h a t  v e r y  c a r e f u l  e v a l u a t i o n  i s  r e q u i r e d  b e f o r e  a  dec is ion  about  such a n  e f f e c t  

i s  reached.  

H e a l t h  c r i t e r i a  a s i d e ,  a n o t h e r  r e a s o n  f o r  n o t  l i s t i n g  cadmium i s  

b e c a u s e  a i r b o r n e  e x p o s u r e  t o  cadmium i s  m i n i m a l .  T h i s  5s  a c c o r d i n g  t o  a n  EPA 

O f f i c e  of Water p u b l i c a t i o n  e n t i t l e d  "Cadnium Contaminatian o f  t h e  Environment: 

An A s s e s s m e n t  o f  Nat ionwide  itisk". I n  p a r t i c u l a r ,  '.he r e p o r t  found t h a t  Z i n c  

and cadmium s m e l t i n g  is no longer  a major s o u r c e  because a? t i g h t e r  c o n t r o l s  o f  

o t h e r  emiss ions .  



Based on  t h i s ,  a n d  o t h e r  i n f o r m a t i o n  p r e s e n t e d  b e f o r e  an EPA p u b l i c  

.ring on t h e  n o t i c e  t o  l is t  cadmium under s e c t i o n  112, the EPA has decided t o  

extend t h e  comment pe r iod  f o r  90 days i n  o r d e r  f o r  a d d i t i o n a l  informat ion  t o  be 

compiled. A copy o f  t h e  h e a r i n g  t r a n s c r i p t  i s  provided as Appendix F. 

I n  v i e w  o f  t h e  u n c e r t a i n t i e s  which  e x i s t  w i t h  r e g a r d  t o  cadmium's 

a b i l i t y  t o  c a u s e  . l ung  cance r  and s t u d i e s  t h a t  h a v e  found emissions of cadmium 

i n t o  t h e  environment t o  be m i n i r a l ,  i t  would appea r  t h a t  t h e  l i s t i n g  of cadmium 

a s  a t o x i c  a i r  contaminant  is unxarranted. The Counci l  recommends t h a t  t h i s  be 

cons idered  by t h e  ARB and t h a t  no f u r t h e r  a c t i o n  be t aken  a t  t h i s  time. 

Giovina L. Leone, N.S. 
D i r e c t o r ,  Environmental Health 



CIBA-GEIGY Corporation 

Ardsley. New York 10502 
Telephone 914 478 3131 

CIBA-GEIGY 

February 3,  1906 

Mr. William V .  Loscu to f f ,  Chief 
Toxic P o l l u t a n t s  Branch 
Air Resources Board 
1102 Q S t r e e t  
P .  0. Box 2815 
Sacramento, CA'  95812 

At t en t ion :  CADMIUM 

Dear Mr. Loscu to f f :  

CIBA-CZICY Corpora t ion  a p p r e c i a t e s  t h e  oppor tuni ty  t o  c o m e n t  on t h e  CRAFT 

REPDRT TO TIiE SCIENTIFIC REVIEW PANEL ON CADMI'Jt-1. We r e g r e t  t h a t  i t  could 

@ n o t  be s u p p l i e d  by a n  17 bu t  i t  i s  our understanding t h a t  you w i l l  

a ccep t  and c o n s i d e r  our  comments. 

CIBA-GEIGY hand les  cadmium chemica ls  i n  t h e  workplace and prodl~ces  cadmium 
i 

pigments f o r  t h e  na rke tp lace .  We a r e  i n t e r e s t e d  i n  t h e  proper  and 

a p p r o p r i a t e  r e g u l a t i o n  of cadmium and its compounds f o r  t h e  pyotec t ion  of 

workers and t h e  gene ra l  p u b l i c .  Your d r a f t  document r e p r e s e n t s  an 

e x c e l l e n t  review o? t h e  a v a i l a b l e  d a t a  a s  v e l l  a s  an a t t empt  t o  r a t i o n a l i z e  

t h e  c l a s s i f i c a t i o n  of cadmium a s  a  t o x i c  a i r  contaminant f o r  t h e  g e n e r a l  

popu la t ion .  T h i s  r a t i o n a l i z a t i o n  is based on animal and human d a t a  

purpor ted  t o  prove t h a t  cadmium, pe r  s e ,  i s  a  carcinogen and 2 s t a t i s t i c a l  

e x t r a p o l a t i o n  of t h e s e  da ta  t o  a r i s k  f . 3 ~  the popula t ion  of Cal i 'ornia  



Before t h i s  process  is f i n a l i z e d  we have some comments on t h e  da ta  reviewed e 
and assumptions made t h a t  should be  considered.  I n  a d d i t i o n ,  c e r t a i n  new 

d a t a  a r e  made a v a i l a b l e  for your eva lua t ion .  

The Takenaka, - et  - a 1  cadmium c h l o r i d e  i n h a l a t i o n  s tudy showed what could be 

i n t e r p r e t e d  a s  a  dose-response i n  lung tumor inc idence .  However, t h i s  

cont inuous  18-month dosing i n s u l t  d id  not produce a  dose- re la ted  e f f e c t  on 

t ime of tumor occurrence.  I t  took 27 months f o r  a  s i g n i f i c a n t  tumor 

response  t o  r evea l  i t s e l f .  Cadmium c h l o r i d e  is  known t o  inc rease  both l u n ~  

e 3 i t h e l i a l  permeabi l i ty  and t h e  number of inflammatory c e l l s  i n  the  lung. 

These e f f e c t s ,  taken t o g e t h e r  w i t h  t h e  chemical 's  c o n t i n u a l  presence i n  t h e  

lung  wi thout  any p o s s i b i l i t y  f o r  lung c l ea rance  and r e p a i r  probably 

d r a s t i c a l l y  a f f e c t e d  t h e  s t u d y  r e s u l t s .  The EPA d r a f t  document even s t a t e s  

t h a t  " t h e  p o t e n t i a l  of CdC12 f o r  a l t e r i n g  the .norma1 phagocytic  a c t i v i t y  

0 

could exp la in  why the  i n v e s t i g a t o r s  were a b l e  t o  produce such a  marked 

ca rc inogen ic  response." 

T h i s  b r i n g s  us t o  the  i s s u e  o f  threshhold  with r e s p e c t  t o  t h e  p o t e n t i a l  of 

cadmiunr posing an i n h a l a t i o n  ca rc inogen ic  r i s k  t o  the  g e n e r a l  populat ion a t  

ambient a ir  concen t ra t ions .  The DHS s t a f f  has concluded t h a t  non- 

ca rc inogen ic  t o x i c i 5 i e s  e x h i b i t  a threshhold and ambient a i r b o r n e  cadmium 

w i l l  no t  pose a  s i g n i f i c a n t  hazard .  Both Takenaka, g and t h e  EPk 

a l l u d e  t o  a  r e l a t i o n s h i p  b ~ t s r e e n  lung cadmium r e t e n t i o n ,  a l t e r a t i o n  o f  

norx2.l phasocytiz  a c t i v i t y ,  a l v e o l a r  d a ~ a g e  x i t h  enhance:! cel :  

p r o l i f e - a t i o n  and the  ca rc inogen ic  a c t i v i t y  o f  cadmium chlo?ide .  Table 1 

3 i v e s  t h e  cbange i-, lurg tu!nor inc idence  w i t h  r e s p e s t  t o  dec reas ine  dosage. 
0 



TABLE 1 

Dosage 
(ug ~ d / m 3 )  

50 

T o t a l  Lung 
Tumors 

Percentage Change 
From Next Higher 

Dose 

A s  can be seen  t h e r e  a r e  d i s p r o p o r t i o n a t e  changss wi th  success ive  dose 

ha lv ing .  It thus  appears  l i k e l y  t h a t  lower dosages cause l e s s  lung damage 

(cons idered  a threshhold  even t )  and consequently l e s s  lung tumors. T h i s  

would i n d i c a t e  t h a t  ambient a i r b o r n e  cadmi*m does not pose a carc inogenic  

r i s k  t o  t h e  g e n e r a l  populat ion and should no t  be c l a s s i f i e d  a s  a t o x i c  a i r  

contaminant .  The Takenaka, g s t u d y  a l s o  provides  evidence suppor t ing  

t h e  DHS s t a f f  i n  concluding t h a t  ambient a i r b o r n e  cadmiun w i l l  7o t  cause 

r e n a l  t o x i c i t y  s i n c e  t h e  h ighes t  exposure l e v e l  only r e s u l t e d  i n  a 

c o n c e n t r a t i o n  o f  34 ug Cd/g wet weight of kidney. 

Data developed by Thun, g was u s e d  by DHS s t a f f  t o  c a l c u l a t e  the  human 

r i s k  of l u n g  cancer .  This  epidemiology study has been commen:ed upon by 

numerous groups (Meta ls  Suk,committee of the  Environm2ntal Health Committee 

of EPA's Sc ience  Advisory Board, Cadnium Council and ASARCO). I have 

app%ded, r a t h e r  than repea*.sd, some of t h e s e  comments. I t  i s  i n p o r t a n t  t o  

r e x m b e r  t h a t  th;s vas an ~ c c u p a t i o n a l ,  not aabFenL., exposlrre s i t u a t i o n ;  

a levsls were g r e a t e r  than 40 ,.lg/m3; vorking  cond i t ions  v a r i e d  0.:~: time w i t h  



dec reas ing  cadmium exposures  being e v i d e n t ;  exposures t o  a r s e n i c ,  l ead  and e 
z i n c  a l s o  occurred;  smoking h a b i t s  could  have accounted f o r  h a l f  t h e  

i n c r e a s e ;  u r i n e  cadmium l e v e l s  suggest  a h igh ly  exposed popula t ion .  Taken 

a l t o g e t h e r  t h i s  was a s t u d y  t h a t  c l e a r l y  demonstrated cadmium exposure ( v i a  

u r i n e )  i n  a workforce t h a t  may not  have c o n s i s t e n t l y  followed good hygiene 

p r a c t i c e s  and whose smoking h a b i t s  were r e t r o a c t i v e l y  surmised. Workplace 

cond i t ions  which e x i s t e d  y e a r s  ago can not  be used t o  a s s e s s  r i s k  t o  t h e  

g e n e r a l  popu la t ion  from ambient a i r  exposure.  I t  is  of  i n t e r e s t  t h a t  

Lauwerys, e t  a l ,  (Toxicology L e t t e r s  3: 287-9, 1984) i n v e s t i g a t i n g  t h e  

gene ra l  populace l i v i n g  i n  i n d u s t r i a l  a r e a s  p o l l u t e d  by cadmium due t o  pas t  

e n i s s i o n s  from non-fer rous  metal i n d u s t r i e s  found increased  inc idences  of 

m o r t a l i t y  r e l a t e d  t o  n e p h r i t i s  and nephros i s  b u t  did n o t  mention lung 

cancer  even though t h e  cause  of dea th  was obta ined  f o r  each deceased 

person. T h i s  d i r e c t l y  conf i rms  t h e  DHS s t a f f  p o s i t i o n  t h a t  r e n a l  e f f e c t s  

a r e  t h e  most s e n s i t i v e  i n d i c a t o r  and our  p o s i t i o n  t h a t  e x t r a p o l a t i o n  of 

lung cancer  from worker exposure t o  t h e  gene ra l  popula t ion  i s  not  

appropr i a t e .  Furthermore,  no d a t a  from Japan sugges t s  t h a t  non- 

occupa t iona l  exposure t o  cadmium c o n s t i t u t e s  a carc inogenic  hazard. 

I t  is impor tant  t o  remember t h a t  a l l  t h e  i n h a l a t i o n  epidemiology s t u d i e s  

d e a l  with exposures r e l a t i n g  pr imar i ly  and almost  exc lus ive ly  t o  b a t t e r y  

product ion  and o r e  s m e l t i n g .  These a r e  ha rd ly  proper  s u r r o g a t e s  f o r  t h e  

genera? popula t ion  exposed t o  ambient a i r .  

T h e  lung is t h e  most p r e v a l e n t  s i t e  of  cancer  i n  humans. 3molting i s  a 0 
recognized caus.?. The smoking hlstor:.?s i n  those  s t u d i e s  'purported t o  

i k r r l i c a t e  cadnilrm as a lung  carcinoge!: a r e  e i t h e r  not a v a i l a b l e  o r  a r e  



@ s u f f i c i e n t  t o  be considered a  c a u s e  i n  themselves. Arsenic and n i c k e l  

exposure a l s o  confound t h e  i s s u e .  For ins t ance ,  t h e  EPA d r a f t  s t a t e s  t h e  

fo l lowing about t h e  Thun, & s tudy :  "Of concern i n  t h i s  s tudy  is t h e  

p o s s i b i l i t y  t h a t  the  combined e f f e c t  of increased c i g a r e t t e  smoking and 

exposure t o  ' a rsenic  might have se rved  t o  produce the  s i g n i f i c a n t  p o s i t i v e  

r i s k  of lung  cancer observed i n  t h i s  repor t .  This  p o s s i b i l i t y  is a l l  t he  

more d i s t i n c t  because t h e  r i s k  of lung  oancer i n  the  s tudy  was not  seen t o  - - 
be overwhelminq. A s u b t l e  combination of f a c t o r s  such a s  t h e  ones 

mentioned above could conceivably  have served t o  produce the  excess  r i s k s  

found, even though such an e v e n t u a l i t y  is unl ike ly .  Thus, a l though t h i s  

s tudy  cannot  be sa id  t o  b s  c o n c l u s i v e  with r e spec t  t o  r i s k s  of lung cancer  

from exposure t o  cadaium, it c o n s t i t u t e s  t h e  most c l e a r - c u t  evidence y e t  

l e a d i n g  t o  t h i s  conclusion."  (Emphasis added.) Moreover, t h i s  s t a t emen t  

appea r s  t o  be a t  odds wi th  a  subsequent s tatement:  "Strong evidence i s  

a v a i l a b l e  from the  Thun - e t  - a l .  s t u d y  t h a t  the  s i g n i f i c a n t  two-fold excess  

r i s k  of l u n g  cancer seen  i n  cadmium smelter workers is probably n o t  due t o  

t h e  presence  of a r s e n i c  i n  t h e  p l a n t  or  t o  inc reased  smoking by such 

workers." 

Any matflematically based r i s k  'assessment nethod d e a l i n s  with a  n a t u r a l  

subs tance  t h a t  ignores  b i o l o g i c a l  r e a l i t y  is flawed. I n  t h e  c a s e  of 

cadmium, which is a subs tance  t h a t  may be an e s s e n t i a l  t r a c e  e lement ,  

b i o l o g i c  p r o t e c t i v e  mechanisms (meta l lo th ionein  product ion)  e x i s t  t o  bin2 

low l e v e l s  and thus a s s i s t  i n  preventing t o x i c i t y .  To ;ssume l i n e a r ,  173 

t h reshho ld  carc inogenic  a c t i v i t y  under these circumstances is o i o l o g i c a l l y  

i n d e f e n s i b l e  e s p e c i a l l y  xhsn a  key inhala t ion  s t u d y  invo lves  continuous 



e x p o s u r e  o v e r  a n  e i g h t e e n  month p e r i o d  u n d e r  c o n d i t i o n s  which overwhelm 

t h e  normal  p r o t e c t i v e  mechanisms i n  t h e  lung .  The body s h o u l d  be  

c o n s i d e r e d  t o  have  t h e  c a p a c i t y  t o  r e p a i r  a n y  minimal DNA damage t h a t  m i g h t  

p o t e n t i a l l y  o c c u r  f rom e x p o s u r e  o f  t h e  g e n e r a l  p o p u l a t i o n  t o  a m b i e n t  l e v e l s  

o f  cadmium. , T h e  m u l t i s t a g e  model a p p e a r s  t o  assume t h a t  t h e  l i k e l i h o o d  o f  

r e p a i r  is n o t  a  dose-dependent  p r o c e s s .  The DHS s t a f f  a l l u d e s  t o  t h e s e  

mechanisms though t h e y  end up s t a t i n g  t h a t  t h e r e  i s  a  f i n i t e  p r o b a b i l i t y  

t h a t  o n e  m o l e c u l e  c a n  cause  a  m u t a g e n i c  o r  c a r c i n o g e n i c  e f f e c t .  Even i f  

t n i s  were  l i k e l y ,  some c o n s i d e r a t i o n  s h o u l d  be g i v e n  t o  how l o n g  i t  would 

t a u e  t h i s  o n e  m o l e c u l a r  h i t  t o  e x p r e s s  i t s e l f  a s  a  c a n c e r .  I f  d o s e  h a s  any  

i n f l u e n c e  on t h e  t i m i n g  ~f  t h i s  p r o c e s s  and d e f i n i t i v e  c a s e s  t a k e  20-40 

y P 2 r s  t o  be  e v i d e n t ,  t h e n  one  m o l e c u l e  s h o u l d  i n d u c e  a  c a n c e r  l o n g  a f t e r  

t h ?  normal  ( o r  a b n o r m a l )  l i f e  e x p e c t a n c y  o f  an  i n d i v i d u a l .  The s t a f f ,  i n  

a s s u m i n g  no t h r e s h h o l d ,  s t a t e s  t h a t  t h e r e  is a lways  an e x c e s s  c a n c e r  r i s k  

from e x p o s u r e  t o  a n y  l e v e l  o f  cadmium. By e x t e n s i o n ,  t h i s  a s s u m p t i o n  would 

mean t h a t  any compound t h a t  h a s  c a u s e d  c a n c e r  i n  a n i m a l s ,  w i t h o u t  

e x c e p t i o n ,  w i l l  c a u s e  a n  e x c e s s  c a n c e r  r i s k  i n  peop le .  T h i s  i s  n o t  

s u 3 p o r t e d  by t h e  a v a i l a b l e  e v l d e n c e .  

A r ~ t h e r  p ~ i n t  w o r t h  c o v e r i n g  is  t h a t  a l l  cadmium com3ounds a r e  n o t  a l i k e  

w i - h  r e s p e c t  t o  t o x i c i t y  or t h e i r  a b s o r p t i o n  and d i s t r i b u t i o n  t h r o u g h o u t  

t h e  body.  T a b l e  2 compares t h e  t o x i c i t y  and a b s o r p t i o n  o f  v a r i o u s  cadmium 

cc.:?ounds. Note t h a t  cadmium s u l f i d e ,  cadmium s e l e n i d e ,  and cadmium 

s - : > h o s e l e n i d e  d i f f e r  i n  a c u t e  t o x i c i t y  f rom t h e  o t h e r  more s o l u b l e  Cd 

c o - ; > o ' ~ n d s  and t h a t  CdS h a s  a  s l o w e r  l u n g  absorption i n  t h e  c a t  and dog .  I n  

a d . t i o n ,  a  s t g d y  (Rusch ,  5 g ,  s u b m i t t e d  f o r  p u h l i c 3 t i o n  and a t t a c h e d )  

2 c o n d ~ c t e d  compar ing t h e  a c u t e  t o x i c i t y ,  t i s s u e  d i s . t p i b u t i o n  and  r a t e  o f  



0 e l i m i n a t i o n  i n  r a t s  fo i lowing a 2-hour i n h a l a t i o n  exposure t o  cadmium r e d ,  

cadmium yellow, .cadmium carbonate  and cadmium fume. An equ iva len t  dosage 

based on cadmium con ten t  was used f o r  each t e s t  substance.  There was no 

m o r t a l i t y  i n  t h e  c o n t r o l ,  cadmium red  o r  cadmium yellow ekposed groups. 

M o r t a l i t y  was 3/32 and 25/32 i n  t h e  cadmium carbonate  and cadmium fume 

exposed groups, r e s p e c t i v e l y .  Cadmium blood l e v e l s  ind ica ted  t h a t  cadmium 

from the  cadmium carbonate  and fume was absorbed t o  a g r e a t e r  degree than 

cadmium from t h e  red and yellow pigments. The ma jo r i ty  of t h e  e l imina t ion  

o f  cadmium fol lowing exposure t o  t h e  two pigzents  vas  v i a  t h e  f e c e s ,  with 

80% being c l ea red  wi th in  24 hours.  El iminat ion  was slower fol lowing 

exposdre t o  the  carbonate and fume. The l?ve?s of cadrniuq i n  t he  l i v e r  and 

k idneys  were many times h ighe r  fo l lowing exposure t o  t h e  carbonate and fume 

than fol lowing exposure t o  t h e  red and yellow pigments. I t  is evident  t h a t  

cadmlum compounds a r e  no t  equ iva len t  w i t h  r e s g e c t  t o  t o x i c i t y ,  abso rp t ion ,  

d i s t r i b u t i o n  o r  exc re t ion .  Exposure t o  the  two i n s o l u b l e  compounds, 

cadmium red and cadmium yellow d id  no t  produce n o r t a l i t y  and r e s u l t e d  i n  

more rapid  e l imina t ion  and f a r  lower t i s s u e  l e v e l s  of cadmium than was 

observed fol lowing exposure t o  the  cadmium carbonate 2nd cadmium fume. 

A r e c e n t  s tudy by Oberdors ter ,  - e t  - 31 (Tox ico log i s t  5(1 ) :  178, 1985) 

c o ~ p a r e d  t h e  t o x i c i t i e s  of d i f f e r e n t  Cd compz~inds 5s r a t  lungs.  Cadmium 

s u l f i d e  had l i t t l e  i f  any e f f e c t  on t h e  measured p a r a 2 e t e r s  while  CdC12 and 

CdO increased  inflammatory c e l l  i n f l u x  and e p i t h e l i a l  ? e r z e z b i l i t y .  

Two o t h e r  r e p o r t s  i n d i c a t e  the  i n f l u e n c e  sf s ~ l u 3 i l i l ; : '  and phys ica l  s t a t e  

o f  cadmium compounds on t o x i c i t y  and d i s p o s i t i o n .  Aihara, 



(Toxicology - 36: 109-118, 1985) showed t h a t  a  l e s s  so lub le  form of cadmium 

remained i n  t h e  r a t  lung t a  a  g r e a t e r  e x t e n t  than a more s o l u b l e  form wi th  

t h e  l a t t e r  inc reas ing ly  being found over  time i n  l i v e r ,  kidney and 

i n t e s t i n e .  Costa,  - e t  - a 1  (Cancer Research - 42: 2757-2763, 1982) demonstrated 

t h a t  c r y s t a i l i n e  CdS was a c t i v e l y  phagocytized by c e l l s  and induced 

morphologic t ransformat ion  of Syr i an  hamster embryo c e l l s  while  t h e  

amorphous form had s i g n i f i c a n t l y  l e s s  a c t i v i t y  a t  equ iva len t  exposure 

c o n c e n t r a t i o n s  and p a r t i c l e  s i z e .  

The i n f l u e n c e  of meta l lo th ionein  on cadmium has been inves t iga ted .  Aar t ,  

e t  g (Toxicology 37: 171-179, 1985) exposed r a t s  up t o  30 t imes t o  a  - - 
cadmium a c e t a t e  aerosol  v i a  a  nose only procedure a t  a  concen t ra t ion  of 1 . 6  

.g/m3. S a a e l i n e  cadmium lung l e v e l s  r o s e  20-fold a f t e r  10 exposures w h i l e  8 
lung me ta l lo th ione in  increased  50-fold.  Lee and Oberdorster (Tox ico log i s t  

5 ( 1 ) :  178, 1985) s tud ied  the  f a t e  of Cd-thionein in  r a t  lung compared t o  - 
cadmium c h l o r i d e .  They showed t h a t  CdC12 t r e a t e d  r a t s  e x h i b i t e d  d i s t i n c t  

c l i n i c a l  symptoms of gene ra l  and l u n g  t o x i c i t y  which was no t  shown by Cd- 

t h i o n e i n  t r e a t e d  r a t s .  Furthermore CdC12 was r e t t i n e d  i n  t h e  lung t o  a  

S r e a t e r  degree  and was d i s t r i b u t e d  t o  t h e  l i v e r  while kidney was t h e  

primary organ w i t h  Cd-thionein. Takenaka, 3 & found r e l a t i v e l y  high lung 

cadmiuz l e v e l s  cons ider ing  t h a t  it was analyzed 13-months a f t e r  the  end of 

i n h a l a t i o n .  This  is e s p e c i a l l y  t r u e  when conparing the  ~ a k e n a k a  s t u d y  t o  

the  w ~ r k  of Lee and Oberdors ter ,  Rusch, 2, and Hart ,  3 g.  I t  is 

obvious t h a t  the  Takenaka, & s tudy innosed a 1-ng burden on the  r a t s  

t h a t  b e a r s  no r e l a t i o n s h i p  t o  e i t h e r  l a r ~ e r  amounts given f o r  shoi- ter  

pe r iods  o r  t o  ambient exposure of the  &enera1 population. 
e 



I n  conc lus ion ,  we b e l i e v e  t h a t  t h e  a v a i l a b l e  animal and worker exposure 

d a t a  do n o t  p r e s e n t  a  convincing  p i c t u r e  t h a t  cadmium is a lung carcinogen 

p resen t ing  a r i s k  t o  t h e  g e n e r a l  populat ion of C a l i f o r n i a  through its 

presence  i n  t h e  ambient a ir .  I t  should no t  be  c l a s s i f i e d  a s  a  t o x i c  a i r  

contaminant .  

For your convenience,  we a r e  supplying copies of a l l  r e fe rences  mentioned 

t h a t  a r e  no t  on t h e  l i t e r a t u r e  l is t .  I n  a d d i t i o n ,  the  t i t l e  page of a  CEC 

document is inc luded f o r  completeness.  

Very t r u 3 j  yours ,  

,/L, 4.i- of- 1 <' 

Martin E. B e r n s t e i n ,  Ph.D. 
Managsr, Toxicology 

MEB: r p  
Enclosure  



COMPARATIVE EFFECTS OF CADMIUM COMPOUNDS 

Premise: A l l  Cadmium compounds a r e  n o t  equ iva len t  v i t h  r e s p e c t  t o  
t o x i c i t y  and absorpt ion.  

CADMIUM COMPOUND 

CdSe 

CdO 

CdO. CdS 

CdO 

CdS04 

CdCL2 

cd (a0 3) 2 

SPECIES EFFECTS 

Rat Oral LD, = >5 g/kg 

Rat O r a l  LD, = >S g/kg 

R a t  O r a l  LD, = 88-302 m g h g  

Rat  Ora l  LD, = 3 3 3  mg/kg 

Rat Ora l  LD, = 4 3 8 - 6 5 9  mghg  

Rat Ora l  LD, = 397 mg/kg 

Rat Ora l  LD, = 72-296 m g h g  

Rat Ora l  LD, = 357 m g h g  

Dog CdO and CdCl2 a r e  more 
r e a d i l y  absorbed. 

Cat - CdO - Irmnediate lung e f f e c t s  
as  w e l l  a s  l i v e r  and 
kidney a c t i v i t y .  

!-:ice 

Mice 

Mice 

Elice 

Nice 

Mice 

CdS - Delayed e f f e c t s  ( 2 4 - 3 6  - 
hrs.) l im i t ed  t o  lung.  
At t r ibuted t o  mechanical  
e f f e c t  of b locking 
passageways due to in-  
s o l u b i l i t y  and slow 
absorpt ion.  

Acute O r a l  LDs = 7 2  m g k g  

Acute Oral LD= = 88 mg/kg 

Acute Oral LD,, .. = 93.7 mg/kg 

Acute Oral LDw = 100 mg/kg 

Acute Oral LD, = 1166 mg/kg 

Acute Oral LDU = 2425 mghg  
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February 12, 1986 

G r .  Richard Bode 
ARE/Scientific Review Panel 
1600 15th Street 
P.O.Box 2815 . 
Sacramento, CA 95812 

Re: Report to the Scientific Review Panel on Cadmium 

Dear Mr. Bode: 

On behalf of our California Portland Cement Company 
subsidiary, I wish to comment upon the estimated cadmium emissions 
from portland cement manufacturing in California, as set forth 
in the January 1986 "Report to the Scientific Review Panel on 

(r admium". I unfortunately did not receive this Report until 
ebruary 6; after the February 5 deadline for submitting public 
comments. However, because the Cd emissions estimate in the 
Report appears to be overestimated by at least two orders of 
magnitude, I submit the following in the anticipation that 
corrections can be made prior to the ARB hearing on listing Cd 
as a toxic air contaminant. 

On, Table 111, "Overview and Recommendation" (p. 7) , and 
Table 11-1 "Sources of Atmospheric Cadmium" (p.11-51, the 1981 
estimated emissions of Cd from cement manufacturing are listed 
as 6.5 tons/year. Calculations of this emission rate are presented 
in Appendix C (page C - 4 ) .  An analysis of these calculations 
follows : 

1. California Cement Production in 1981 

The report states that 2.93 x lo7 tons of cement were produced 
in 1981. This is incorrect and overstates the production by a 
factor of 3.7. Attached is the U. S. Bureau of Mines "Mineral 
Industry Survey, Cement Annual Advance Summary", July 15, 1982. 
Table 2 (p.4) llsts the 1981 combined Northern and Southern 
California cement production as 7,878,000 tons. 

For the purposes of estimating emissions, however, clinker 
eroduction is relevant. Portland cement clinker is the inter- 

mediate material produced in the rotary kiln - the equipment from 
which the emissions in question emanate. Portland cement is manu- 
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factured by intergrindinq the clinker with approximately 5% gypsum. 
Table 3 (p.5) of the USBM report lists the 1981 combined Northern 
and Southern California clinker production as 7,719,000 tons. 

2. Tons of Feed Material 

Approximately 1.6 tons of feed material to the rotary kiln is 
needed to pro@.uce one ton of clinker (not cement, as stated in 
the report). Thus, the total tons of kiln feed used in 1981 to 
produce clinker, by both wet and dry process kilns, was 

1.6* 7.72 x lo6 = 12.4 x lo6 tons kiln feed 

3. Total Kiln Particulate Emissions 

All rotary kilns in California, wet or dry, are equipped with 
fabric filter baghouses or electrostatic precipitators to remove 
particulates from the kiln exhaust gases. Although I cannot provide 
appropriate documentation, it is conservative to assume, on a 
statewide average basis, that total particulate emissions from 
these control devices comply with the U.S.EPA Standards of 
Performance for New Stationary Sources, Subpart F, Portland Cement 
Plants. The relevant standard for rotary.kilns I40CFR 60.62(a) (1)) 
limits total particulate emissions to 0.3 lb per ton of kiln feed.. 
Thus, total 1981 particulate emissions from rotary kilns in 
California are estimated to be: 

12.4 x lo6 tons kiln feed * 0.3 lb particulate = 3.71 106 
ton kiln feed particula 

4 . ,  Total kiln Cadmium Emissions 

Similar to the methodology used by the CARB/DHS staffs for the 
Chromium toxic emissions report, it is appropriate to assume that the 
concentration of Cadmium in the rotary kiln baghouse/ESP particulate 
emissions is equal to the Cd concentration in the dust removed by 
these control devices (there are no data, of which I am aware, on 
the Cd concentration in the directly- emitted particulate).. Attached 
is a copy of the US Bureau of Mines.report "Charterization of U.S. 
Cement Kiln Dust" (IC8885, 1982) by Haynes and Kramer. As part of 
this study, 113 samples of kiln dust from 102 U.S. plants (11 in 
California) were analyzed for trace element concentrations. 

The trace element qoncentrations in the 113 individual kiln 
dust samples are listed in Table 7 (pp.13-15). As the eleven samples 
from California cement plants are not separately identified, the 
the concentration summary in Table 8 (p.16) must be used. For 
Cadmium, the mean concentration is 2lfi9/9, or 21 ppm by weight. 0 
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Using this Cd concentration and the total kiln ?articulate 
emissions, the 1981 Cd emissions from cement mzzufacturing are 
estimated to be: 

21 parts Cd * 3.71 x lo6 lb particulate * ton - 
lo6 parts year 2000 lb 
particulates 

= 0.039 ton Cd/yr 

Please let me know if you or the relevant staff representatives 
have any questions regarding these calculations. As part of the 
California cement manufacturing industry, we feel that it is 
most important that the toxic air contaminant report for Cadmium, 
as well as the forthcoming trace elements, reflect the best 
stationary source emissions estimates. 

Attachments 

cc: P. Hawkins 



a r e a "  of Mines Information Circularll982 

Characterization of U.S. Cement Kiln Dust 

B y  Ben jamin  W. Haynes and  Gary W. Kramer 



MIMORQB OM@WSUIY SURVRVS 
U. S. DEPARTMENT OF THE INTERIOR 
BUREAU OF MINES 
WASHINGTON. D.C. 20241 

J a m e s  G. Wat t ,  Secretary  Robert  C. Horton, Director 

For i n f o r m a t i o n  c a l l  Sandra  T .  Absalom, Cenen t ,  Annual Advance Sumnary 
cement  s p e c i a l i s t , '  o r  

R i e n a  M .  L a c r o i x ,  s t a t i s ~ i c a l  a s s i s t a n t ,  
T e l e p h o n e :  ( 2 0 2 )  634-1184 

U.S. cement consumption and p r o d u c t i o n  slumped i n  1981 t o  t h e  l o w e s t  l e v e l s  s i n c e  1975 ,  
a c c o r d i n g  t o  t h e  Bureau of  Mines ,  U.S. Depar tment  of t h e  I n t e r i o r .  Cement demand, which 
d e c l i n e d  f o r  t h e  second s u c c e s s i v e  y e a r ,  r e f l e c t e d  reduced a c t i v i t y  i n  t h e  c o n s t r u c t i o n  
I n d u s t r y  a n d  g e n e r a l  weakness  i n  t h e  U.S. economy. For exanp le .  t o t a l  v a l u e  of  con- 
s t r u c t i o n ,  i n  t e r m s  of  c o n s t a n t  (1977) d o l l a r s ,  d e c r e a s e d  3.52 t o  $155 b i l l i o n ,  a c c o r d i n g  
t o  d a t a  p u b l i s h e d  by t h e  U.S. Department o f  C o m e r c e .  Housing s tar ts  d e c r e a s e d  16% t o  
1.1 m i l l i o n  u n i t s .  

I m p o r t s ,  a  s e n s i t i v e  i n d i c a t o r  of  d o m e s t i c  cement  demand, d e c l i n e d  24% t o  4  m i l l i o n  t o n s ,  
and  a c c o u n t e d  f o r  5% of  consumpt ion ,  compared w i t h  72 i n  1980. C l i n k e r  i m p o r t s  were  
o f  t h e  t o t a l ,  compared w i t h  36% i n  1980. I n  a  d i s p l a y  of  o p t i r n i s n  f o r  r e c o v e r y  i n  ceme 
demand,  s e v e r a l  t e r m i n a l s  f o r  t r a n s s h i p m e n t  o f  impor ted  cement b e g a n  o p e r a t i o n s  i n  
C a l i f o r n i a ,  Maine ,  and New York. 

S h i p m e n t s  o f  p o r t l a n d  and  masonry cement f r o m  U.S. p l a n t s ,  e x c l u d i n g  P u e r t o  R i c o ,  a t  71.7 
m i l l i o n  t o n s ,  w e r e  6% less t h a n  1980 s h i p m e n t s  and  1 6 %  less t h a n  1979 s h i p u e n t s .  N O  
r e g i o n a l  s h o r t a g e s  o c c u r r e d  d u r i n g  1981. S h i p m e n t s  d e c r e a s e d  by a t  least 5% t o  a l l  
g e o g r a p h i c a l  r e g i o n s  e x c e p t  New England ( u p  I % ) ,  and t h e  C e s t  S o u t h  C e n t r a l  and  Mountain 
r e g i o n s  ( u p  2% e a c h ) .  Sh ipments  d e c l i n e d  mos t  s e v e r e l y  t o  t h e  E a s t  N o r t h  C e n t r a l  (down 
1 3 % )  and P a c i f i c  r e g i o n s  (down 1 2 % ) .  

Two new p l a n t s  i n  Alabama and Utah  c o l l e c t i v e l y  added  more than  2  m i l l i o n  t o n s  p e r  y e a r  
t o  d o m e s t i c  cement p r o d u c t i o n  c a p a c i t y  i n  1981 .  Seven o t h e r  p l a n t s  comple ted  m o d e r n i z a t i o n  
p r o g r a m s  t h a t  added  a p p r o x i m a t e l y  3.5 m i l l i o n  t o n s  t o  U.S c a p a c i t y .  Most o f  t h e s e  p l a n t  
e x p a n s i o n s  o c c u r r e d  i n  C a l i f o r n i a ,  and a l l  of  them were  west of  t h e  M i s s i s s i p p i  R i v e r .  

P r e p a r e d  i n  t h e  D i v i s i o n  of  I n d u s t r i a l  M i n e r a l s ,  J u l y  1 5 .  1932- 



CIBA-GEIGY Corporation 

Ardsley, New York 10502-2699 
TeleDhone 914 478 3131 
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Mr. Cliff Popejoy 
California A i r  Resources Board 
1102 Q street 
P. 0. Bcor 2815 
Sacratento, California 95832 

Enclosed, as discussed, is a toxicology report on studies in  prcgress on 
various W u m  ccnnpounds. These long term r c d ~ t  inhalation aperinwts shm 
tha t  different cadmium umpumls &it dissimilar toxicity and distribution 
patterns, a mnclusion that can be demmstrated by canpar* the grol~ps with 
similar eqxsuxe schedules. 

Thusg hamsters expsed to cachnj.um oxide for  49 weeks a t  a c a n m t i o n  of 90 
ug/m shwed a similar mofitdlity to those expsed to cachnum sulfide pigment 
for  44 weeks a t  1000 ugh , a dose which was. appmdmtely 10 thes greater. 

Additionally, the distribution patterns in these two groups also shawed 
differences between ~~~dmium oxide and c a M m  sulfide. Analysis of 1- 
conc~t ra t ions  revealed that the cadmium sulfide exposed animdLs had about 15 
tirw more cadmium present than the M u m  oxide exposed animals but similar 
kidney lwds. aLis could irdicate that in- lung lwels of insoluble 
cadmium sulfide picpent are excreted via the gastro-in- tract rather 
than being absorbed into the circulation and distributed to the kidneys. 

Furthennore, the c a W m  sulfide exposed harPsters did not have lug edema or 
prateinosis which was seen in hamsters ard inice to lower cmcdxations 
of cadmium oxide for shorter periods of time. In addition, the cadmium 
sulfide hamsters had a lcwer incidence of bronchio-alvealar h-lasia, 1- 
cholesterol Qystal deposits and fibrc6is when the differences in wncentration 
ard time are taken into account. 

Acmrdhg to Dr. Heinrich, no adnhn-related carcinqdc effects have keen 
abswed in any of these eqerhents as of March, 1986. I w i l l  keep yau 
infonnad of any additional in fomt ion  on these studies. 

Martin E. Eemstein, Ph.D 
Manager, Toxicolcq 
Safety, Health & b l o g y  



Inhalation Experiments in Rodents for Testing the Carcino- 

genicity of Cadmium Compounds 

U. Heinrich, R. Fuhst, H. m g ,  L. Peters, F. m t ,  S. TakeMka . 
R a d f e r  Instiat fiir ?torikolagie 4 Aerosolforschung 

D-3000 k?ammver 61, Nikolai-hrhs-Str. 1, FTG 

-iety of Tmicology, 25th mversary Wting, Mardr 3-7, 

1986, New Orleans, Louisiana 

Poster Session 



l n n t l n  f 12.5. 1)  and SOY( Lt0mlumlm8 I e  CdC12 f a r  
I D O U ~  % I 0  mral.mek f o r  I1 monta~  induced lung carcln8mas 
IR r e % %  ( Takmnate e t  41. 1 0 3  1. Tmermfora t m m  c # r c t m -  
genre e f f a c r  of o t h e r  caamlum coaoounda and tma s u s e ~ n r ~ -  

b i l l t y  o f  etnmr soec l r s  should ba Lnvmstlgared. 

I n  em11 enqolnq mzo*rlmmnt male and fmmalm S l r l a n  golden 
mrmmrmrs and r..al* m1c1 I inel ) a re  rxDosmd t o  rmroso ls  

A a l f f e r m n t  Caomlum COmoounds on 1 dayslvmmk. f o r  
15 mrs lday OF I n r s l d a ?  f o r  12-18 months. A f t m r  rmrmi- 
matson o f  tn! t i p o s u r o  m e  rnrmals arm k n o t  i n  elman a t r  
f o r  another  6-12 months. ?he Ed-aroosurm I s  t e n l n n t m d  
~ r ~ m a t u r e ~ j  L f  t h e r e  1s 4 substant la1 l o s s  o f  006 j  welqht 

a? i ne rsased  m e r t a l l t ? .  

The ea-amrosols I r e  peneratad b7 I t o m l z l n q  CdCll and 
ccso, s o l u t l e n s  and br n.nullxlnq CdS suspensions. CdO 
uusz a e r o s o ~ s  a re  produc.6 br atomlxlng Cd-acetatm 
s a l u t t o n s  w t t n  subsepumnt v y m l i r a t l o n  e f  t h e  Cs-aerosol 
4% ?SO*C. The cao fumes are qmntra ted~by eveporat ton and 
011dac1en 0 1  m.talllc EE f r o  Cd * l r c t r a d e s  I n  In 

e l e c t r i c  arc. 

Ihm p a r t i c J e  s i z e  ( mass ) d l s t r i b u t l o n  I s  mmasurma by a 
I - s ~ a q e  cascad* l#pacter.  Tb. sass m.dlan 4erodynemlc 

a tameter  o f  t n e  aeroso ls  i s  8.2 - 0.611.. 

The C E - c o n c r n t r ~ t i o n  I n  the  l o r t x o n t a l  f l o w  mxposure 
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August 20, 1986 

Mr. William V. Loscutoff 
Chief, Toxic Pollutants Branch 
Air Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 

RE: Cadmium 

Dear Mr. Loscutof f : 

The Council has reviewed the revised draft health 
effects report on cadmium, and appreciates the opportunity 
to submit these brief comments on several important policy 
matters that are addressed in the report. We are concerned 
that the health effects assessment does not accurately 
reflect the range of risk that may be posed by cadmium, 
because Department of Health Services' staff has chosen to 
exclude the very real possibility that there may indeed be 
no risk at measured ambient concentrations. 

We can understand the basis for incorporation of the 
worst case policy assumptions DHS uses to emphasize the 
maximum possible upper bound risk (although we believe that 
risk assessments should also present the "most likely" risk 
estimate). However, such emphasis should not exclude an 
objective presentation of the very real possibility that a 
threshold may exist at concentrations a thousand times 
higher than the highest average concentration reported in 
California. In its 1985 "Updated Mutagenicity and Carcino- 
genicty Assessment of Cadmium", EPA objectively presented 
the possibility that a threshold might exist, and indicated 
that under such a thresholod assumption, a constant lifetime 
exposure to 10 micrograms per cubic meter would produce zero 
risk. 

While we recognize that the existence of a threshold 
cannot be proven or disproven, the Air Resources Board needs 
to know the relative weight of the evidence regarding the 
plausibility of such thresholds when it is faced with making 
risk management decisions. The report does not convey to 
decision makers the particularly high degree of uncertainty 
associated with the estimated risk for such low levels as 



Mr. Loscutoff -2-  August 20, 1986 

those measured in the state Accordingly the :ouncil recommends t h a  
the health effects assessmel. be revised to state that the risk is 
esti ated to be zero to 12 cases per million persons exposed to 1 3 
ng/m . We also recommend that all future risk assessments contain a 
similar objective presentation of the threshold model. 

Evelyn Heidelberg 
vice- President I 

EFH : cpr 



CIBA-GEIGY Corporation 

Ardslev. New York 10502-2699 
Telephone 914 478 3131 

CIBA-GEIGY 

August 18, 1986 

Mr. William V. Loscutoff 
Chief, Toxic Pollutants Branch 
Air Resources Board 
P.O. Box 2815 
Sacramento. California 95812 

RE: CADMIUM 

Dear Mr. Loscutoff: 

CIBA-GEIGY Corporation appreciates the opportunity to comment on the 
June, 1986 revisions to Part B of the ARB Report on Cadmium. 

Your group has continued its rational approach for dealing with a 
difficult issue, namely, whether substances present in the ambient air 
present a risk for the population of California. Your conclusion that 
cadmium is a toxic air contaminant is based on a risk assessment made by 
extrapolating data from the Thun, et al. study which purportedly demon- -- 
strates a relationship between occupational cadmium exposure and an 
increased incidence of lung cancer. A number of assumptions and con- 
clusions have been made in the assessment process that require comment. 

1. Thun, et al. (1985).. -- 
This study forms the basis of your assessment. It is currently 

undergoing a more detailed review. This will be discussed at an 
upcoming symposium, chaired by Sir Richard Doll, dealing specifical- 
ly with the adequacy of epidemiologic studies on cadmium to classify 
it as a carcinogen. We have learned that at least one person whose 

. .  lung cancer vas attributed to cadmium is also included in another 
study where his lung cancer has been attributed to asbestos. In 
addition, a previously unconsidered confounding variable is possible 
exposure to radon. The plant under investigation is located in 
Colorado. To my knowledge no radon measurements have ever been made 
either at the plant site or in the surrounding comunities. Since 
radon can cause lung cancer, this is an important factor which 
should be clarified. 



2. Threshold/Non-Threshold Concept. 

This matter was discussed in our previous comments. It is 
of interest that your reviewers consider negative in vivo,mutation 
studies as being insensitive tests as opposed to being indicative 
that the body can effectively handle small doses of cadmium; i.e., 
exhibit threshold characteristics, at concentrations that might be 
present in ambient air. In fact, the absence of a carcinogenic 
effect in the Thun study at the two lowest doses indicates that a 
threshold does exist even in the workplace and would exist for 
ambient air where exposure is a thousandfold less. According to the 
authors, "The excess of deaths from lung cancer was statistically 
significant only for the stratum of workers whose cumulative 3 exposure to cadmium exceeded 2920 mg-days/m , the level corres- 
ponding tg a 40-year exposure above the current OSHA limit 
(200 ug/m ) .  Workers whose cumulative exposure was below she 
40-year equivalent of the NIOSH recommended TWA of 40 ug/m showed 
no excess of lung cancer deaths." 

Support for the concept of a threshold is derived from two other 
facts. First of all, excess cadmium can stimulate metallothionein 
synthesis which is known to detoxify cadmium following continuous 
low level exposure (Webb, M. (1979) in "Metallothionein", Kagi & 
Nordberg, editors, pp 313-20). Secondly, it is known that zinc and 
cadmium interact and compete for protein and enzyme binding sites. 
Your own reviewers acknowledge that zinc can reverse and/or prevent 
cadmium toxicity. The Thun study demonstrated that a critical 
concentration of cadmium was achieved only with the high dose 
workers. This critical concentration or threshold was not reached 
with the low dose workers. It would similarly not be reached by the 
general population of California which is exposed to relatively low 
ambient air levels of cadmium and which has zinc available in food, 
ambient air and mineral supplements. 

3. Other Considerations. 

3.1 Ambient Air - Occupational Exposure Relationships. 
The use of occupational health standards to obtain an ambient 
air level is controversial and not uniformly accepted. 
Calabrese (Regulatory Toxicology and Pharmacology 5:  55 - 9, 
1986) has stated, however, that "the methodology of dividing 
the TLV by 420 is consistently more conservative or protective 
than that erived from actual data". The ACGIH TLV for cadmium 
is 50 ug m ; dividing by 420 gives a safe ambient air level of i 4  
120 ng/m . Adoption of this value would provide a 3-fold 
safety factor over the "hot spots" and an approximate 50-fold 
safety factor over average California ambient air. 



3.2 Dose Rate - Total Dose 
At least one carcinogenicity study compared the relative 
effects of dose rate versus total dose (Littlefield, N. A. and 
D. W. Gaylor, J. Toxicol. Envir. Health 15: 545 - 50. 1985). 
In this study, it was found that "when the total doses were 
similar, the higher dose rates for shorter time periods induced 
a higher prevalence of tumors. Those groups dosed at higher 
rates but for fewer months had a generally higher prevalence 
than those receiving similar total doses but at lower rates for 
more months". 

Certain cadmium inhalation studies in the rat also show the 
influence of dose rate. Oldiges & Glaser (Trace Elements in 
Medicine 3: 72-5, 1986) administered cadmium oxide continuously 
to  ist tar rats for 22 hours/day, 7 days a week for either 218 3 or 324 days at a concentration of 90 ug/m . Exposure had to be 
terminated at this point because 12/40 animals had died. In 
the context of the interaction between zinc and cadmium dis- 
cussed earlier, it is of interest that this concentration of 
cadmium oxide did not cause any mortality in 40 rats exposed 
simultaneously to zinc oxide for 374 days. In contrast, in a 
study by Kaplan, Blackstone & Richdale (ERDA Symp. Ser. 42, 
77-97, 1977), Sprague-Dawley rats tolerate9 exposure to cadmium 
oxide at a concentration of about 300 ug/m for 7-8 hours/day, 
5 days/week for 9-13 months without any reported mortalities. 

3.3 Effect of Smoking 

It is acknowledged that cigarette smoking can contribute to the 
body load of cadmium. Post. Johansson 6 Allenmark (Environ. 
Res. 34: 29-37, 1984) autopsied 5 male heavy smokers between 65 
and 7ryears of age within about 3 days postmortem. They 
measured cadmium levels and degree of protein binding in the 
lungs, liver and kidneys. They found that human lungs contain 
a low molecular weight protein which binds cadmium and which 
appears to be similar to that found in the liver and kidneys. 
A lesser degree of cadmium binding was seen in the lungs 
compared to liver and kidneys. 



3.4 Extrapolation 

The extrapolation of animal studies to estimate human risk 
requires sophisticated statistical procedures and m w y  
conservative biological assumptions. Therefore, the use of 
human data is always preferred in estimating human risk. 
Thus, it is of interest that methods for species extrapolation 
were used with the data from the Thun, et al. human epidemi- 
ology study, which demonstrated a purported effect group 
(high-dose) , a no-effect group (low-dose) , and an intermediate 
effect group (mid-dose). Extrapolation should not be necessary 
for an adequate human study which demonstrates a no-effect 
level, particularly at a dose many times higher than ambient 
air concentrations. 

In summary, we have presented our rationale for not considering 
cadmium as a toxic pollutant at ambient concentrations. Our reasoning is 
based on the facts that data exist showing that human lung tissue con- 
tains a cadmium binding protein considered to be metallothionein. 
Metallothionein is known to detoxify cadmium at continuous low levels of 
exposur-. Zinc can also reverse and/or prevent cadmium toxicity. Animal 
studies have clearly demonstrated that different responses to inhaled 
cadmium exist and are related to a concentration-time response. Human 
epidemiology studies have shown that a toxic dose rate is many orders 
of magnitude higher than what the general population of California could 
experience at ambient air levels of cadmium. We contend, therefore, that 
no basis exists for classifying cadmium as a toxic air contaminant at 
ambient air concentrations nor is there substantiation for being "unable 
to identify a level below which adverse health effects are not expected 
YO occur." 

I have enclosed one copy of each article mentioned. 

Yours truly, 

?r/ian;tm-E.&&/&L * 

Martin E. Bernstein, P~:D 
Manager, Toxicology 

MEB7/21/vk 
Encs. 



lortality Among a Cohort of U.S. Cadmium 
roduction Workers-an Update 

. Thun ,  M.D.. M.S., Teresa M. Schnorr .  Ph.D., Alexander Blalr Smith, M.D., M.S., 
I,,. ' a  Halperln, M.D.,  M.P.H., ' and Richard A. Lemen, M.S. 2.3 

3STRACT-A prevlous retrospective morlality study of 292 U.S. 
amtum production workers employed for a mlnlmurn of 2 years 
Owed increased monallty trom resplralory and prostate Cancer 
la from nonmalignant lung disease. To exrmine tunher the 
onality experience of these workers, investigators from the 
stdona1 tnstltute tor Occupal~onal Safely and Health extended the 
udy to include 6 0 2  whtte males w t t h  at least 6 months of 
OaUctIon work in the same plant belween 1940 and 1969. Vital 
atus was delermlned through 1978, which included the addition of 
years to the orlglnal follow-up. Cause-specific mortality rates for 
:ven causes of deatn polent~ally related to cadmtum exposure 
ere compared between the overall cohon and U.S. while males 
?a between subgroups. Monality from respiratow cancer and from 
onmal~gnanl gastrolntesltnal disease was significantly greater 
mong the cadm~um workers than would have been expected lr0m 
I.S. rates. All  deaths from lung cancer occurred among workers 
mployea for 2 or more years. A statistically significant dose- 
esponse relationship was observed between lunp cancer rnonality 
nd cumulative exposure lo cadmium. A 50% increase in lung 
mcer mortality. wh~ch was not statislically significant. was 
lbserved even among workers whose cumulative exposure lo 
:aUmium was between 41 and 200 rg/m3 over 40 years. Since the 
)re ' -US investigation, no new deaths lrom prostale cancer and no 

deaths from nonmalignant respiratory disease have been 
-JNCI 1985: 74:325-333. 

(possibly the oxide) increases the risk of prostate cancer 
in man." Substantial conuoversy conunucs, however, 
and  although several subsequent epidemiologic studies 
(15-18) have found increased mortality from prostale 
cancer among occupational groups, other studies (19-21 ) 
have not. 

Still more conuoversial is the possible relationship 
between cadmium and lung cancer. At the Lime of the 
IARC working committee, only the Lemcn et al. (1 )  stud? 
had found excess mortality from respiratory cancer. 
In~erpretation of that study was complicated because 
some of h e  long-term workers in the cohor: also had 
been exposed loarsenic during the 1920's when the plant 
functioned as an arsenic smelter. Concern about the 
potential carcinogenicity of cadmium to the lung has 
increased, however, due to recent animal data. Takcnaka 
er al. (22) exposed rats continuously to cadmium chloride 
aerosol and found a dose-dependent increase in lung 
tumors at exposure levels well within h e  current 
occupational limit. 

Beciause of conunuing concern about the effects of 
chronic cadmium exposure on mortality, N O S H  h a  
exlended the follow-up of the cohort first described by 
Lemen et al. (I). T h e  present report describes the 
mortality experience of the group through 5 additional 
years of observation, ending December 31, 1978. In 

In 1976, Lemen et al. ( I )  published the results of a 
irudy on  cancer mortality among cadmium production AaaaEnAnoHs usm: CI=confidencc intend: Exp=cxpmrd; HIS= 
workers at a U.S. cadmium recover). plant. Using HcalthIriurvicwSurvey:IARC=lntvnationalAgenqforRnnrchon 
national whi te  male rates lor comparison, Lemen el a]. G n m ;  tCD=ln~ernauonaI Classification or Dirnre: NIOSH=Sa. 

a excess of deaths from tional inrtitute tor Occupauonal S f c t y  and Hcaith: SMGln-no.,- 

respiratory cancer cobs= 12; SMR=?3jj .  from nonmal ig  malignant psuointntinal disease: Obr=obwmnl: OSHA=Occup 
tional Safety and H n l t h  AdminisIration: PEL=permirsiblr exposure 

nant  respiratory disease (Obs=8; ShfR=159), and,  limit: py=prson.y~rr :  PYAR=PY al of dying; SS%R=,undud 
among workers with 20 or  more years since first employ- iled morulitg ,,,,,: SRR=sundudizcd ntiM,j; mA=ume. 
men[, from proslate. cancer (Obs=4; ShfR=452). T h e  avcngc. 
Lemen study included only hourly workers employed for 
? or more years between January 1. 1940, and  December 
31. 1969, and followed these uqorkers through 1979. I Rmivcd  Apni 16. 1984: acmptcd A u g v s ~  20. 1984. 

A number of previous epidemiologic and experimental Robcrt A. Tall bbonton. 1 n d u r l r ) ~ i d c  Studin  Branch. Division 

studies had suggested that cadmium might cause cancer of Suncilhnrc. Haurd  Evaluations and Field Studin, National 

of prostate, T,,.o occupational reports (2 ,  3) described lnrtitua lor Occupational Safety and Health. Public Hrallh Scn,icc. 
from cancer among C.5. Dcpanmcnt of Health and Human Sen.icn. 4676 Columbia 

workers ar a small British alkaline bat ten plant. Cad. Parlwa?.  Cincinnati. OH 4526 .  
'\\'c thank Dr. Gcorgc Hutchison. Dr. L r l  Sh?. and Dr. Philrp mium,  like zinc. is known to concentrate in the ~ ~ r o s t a t e  En,crlinc for advirc anal,ri, and of *? 

glsnd ( 4 - 5  I. Sumerous  toxicologic studies (6-13) have Dr. Smi,,, for hi, Kuidanrr in  rxplurts, and 
shown that injection of cadmium metal or  salts into L~~~~ M O O ~ Y  for her rp~dcrnialo~~c and editorial c o u n ~ l .  We also 
laboratory rats produces sarcomas locall\ and  more ar lnawlrdgr  t h ~  dcdaotrd tallo--up rtfom or Strr ~ b t h  Dadd. Mrs. 

t interslilial cell tumors of the testes. O n  the basis Cloranda Ba8ugl~a .  $15. J u d )  Edc lbmL.  hlr. Mar\ Hop". and thclr 

e findings, the I.4RC (14) concluded in 19i6 that sufi ,  and th t  crmllcnl asrisancr in manuwrlpt prcpanuon b! 51s 

exposure to cadmium in  some form F n n  Gucm.  
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a d d ~ t ~ o n .  to allow for intrrnal comparisons, the study 
population was expanded to includr 257 workers with 
brief 16-23 mo, emplo\ment and morr complctc ascer- 
tainment of workers with 2 or more years of employment. 
T h e  to~al stud\ population includes 602 white males. 

BACKGROUND 
T h e  tndustrial plant under study has refined cadmium 

metals and cadmium compounds since 1925. it func- 
tioned prevlousl! as an arsenic smelter from 1918 to 1925 
and as a lead smelter from 1886 to 1918. Although some 
cadmium processing operations were begun prior to 
1925. the primar) function of the plant for morr than 50 
years has been to recover cadmium and a number of other 
trace metals from "bag house" dust, a by-product of lead 
smelting. The facility is unusual in having a prolonged 
p e r i d  of operatJon. with workers exposed predominantly 
to cadmium. 

T h e  industrial process recently was described by Smith 
ct al. ( 2 3 1 .  Cadmium enters production principally as 
cadmium oxide dust (agglomerated fume). In a series of 
10 physically isolated work areas, it is roasted, mixed 
wirh acid lo form a cake, calcined, dissolved in water, 
recovered elecuolytically, and treated further to produce 
cadmium oxide, metal, or yellow cadmium pigment. Air- 
monitoring data collected by the company from the 
1940's to the present show that exposures differ sub- 
stantially among departments and  over time. Exposures 
have decreased over time due to the introduction of 
\,entilation conuols and to a manda~ory respirator 
p r o g a m  inuoduced in the 1940's. Smith et al. (23) 
estimated the inhalation exposures that occurred in 
various departments (table 1 ). These estimates were based 
upon historical area monitoring data, adjusted to reflect 
the actual exposures of workers wearing respirators (24). 
Area-sampling data were first adjusted to reflect personal 
sampling, based on the ratio between area samples and 
personal exposure measurements from 1973 to 1976. For 
those deparunents and calendar periods in which workers 
wore respirators. the estimates of personal exposure were 
divided b y  3.9, the geometric mean respirator protection 
factor measured in a survey at this plant in 19i6 (24). 

Also reflecting exposure are measurements of urine 
cadmium which the company obtained periodically o n  

production workers since 1948. Urine samples were 
analyzed by colorimeuic extraction until 1966 and 
rubscquentl\ by atomic absorpiion spectroscopy Com- 
pany records conmind urine cadmium measurements for 
261 members (43%) of thc present cohort. These data arc 
absent or exuemely sparse lor workers who left empl 
ment belore 1960 and are representative only of prod 9 .. 
tion wc..~:crs emplovcd beyond 1960. Text-figure I shows 
the dis,:,bution ol the median urine cadmium levels. 
These urine levels suggest a highly exposed population. 
They provide an index of group exposure but cannot be 
used to measure individual exposure because of the small 
number ol'samples for most workers (median ol 2 
samples,'person; range, 0-79). ' 

Few d a ~ a  are available on exposures other than 
cadmium at the smelter. Small quantities or high-purity 
lead, arsenic, thallium, and indium are produced sporad- 
ically by a lew individuals in separate buildings. Some 
arsenic is evolved during cadmium recovery. An indus- 
trial hygiene survey conducted by A'lOSH in 19i3 found 
0.3 and 1.1 bg arsenic/m3 in the pre-melt department 
and 1.4 r g  arsenic/m3 in the retort deparunent ( I  ). These 
levels are substantially below the current OSHA 10 
r g ~ m '  PEL time-weighted average. 

METHODS 

T h e  study population was defined from employment 
histories as recorded in Lhe company personnel files. 
These records consist of a card lor each employee and 
show che name, date of birth, social security numbn 
(since 193i), date of employment, date(sj of interruptiori 

employees. We enumerated all hourly emplovces and 
foremen who had worked a mlnimum 07 6 months in a_ 
production area of the plant ba~ween lanuan' 1. 1940, 
and December 51. 1969. The reouirement of production. - -... ~~ ~ ~~ ~ ~, 

area em~lovment excluded several auards, office workers. - .- 
and offFce area janitors who had-been included in the 
Lemen et al. study ( 1  j. 14'e also included production area 
foremen and a number of laborers whose records had 
been missing or whose employment histories had bcen 
inaccuratel\ recorded and who thus had been omitted 

TABLE 1 -Esfinrofcg o,/ r o d t t t i ~ n :  isholrrfion ezpo.wrfs. b~ plant drparirnenl and tinip ~er iod'  

Cadmium inhalauon exposure. m g m ' .  in: 

Time Plant depar~rnenu: Offices' and period 
Sarnolinp Roaswr Mixine Calcine Solution Foundry Recon Piment 

Iaborarorie 

' U 6 t ~  from Smith el al. 1231 
'Tank house estirnaws also were 
'Oflice esumarei aim uere used 
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:ram the Lemen cohort. S10SH identified the cohort 
iointly with a representative from the company and 
reviewed the list with senior union officials. 

For each worker, cumulati\e exposure to cadmium \\.as 
calculated according to length of employment and jobs 
within the .plant. Because man) of the personnel records 
specified general work categories rather than single 
departments. we categorized each period of a worker's 
emnloymen~ into one of 7 broad job categories; e.g., 

:$ y 1 included production work in any of 6 "highv- 
re departments. including sampling, roasting and 

bag ouse. mixing, calcine, foundry, and retort. Category 
2 included production work in the solution, tank house. 
and pigment departmenu. The average exposure to 
airborne ~ d m i u m  for each of these composite~categories 
\\.as calculated on the basis of the industriil hygiene data 
in table 1 (23). with each department contributing to a 
weighted average according to the proportion of workers 
usually employqd there. Each worker's cumulative expo- 
sure over time was computed as the sum of thenumber of 
days worked in a gi\.en job category multiplied by the 
axerage inhalation exposure of that category for the 
relcvant time period. Cumulative exposure was expressed 
in milligram days per cubic meter (mg-daYs/m3). 

T h e  i t  status of all workers in the cohort was 
determined as of December 31. 19i8. Follow-up pro- 
cedures used the records of the Social Security Adminisua- 
uon. of thf state vital statistics offices, and of the 
coinpan) and union and direct telephoning. Death 
certificates were obtained for persons known to be 
drceasrd and u.ere coded by a qualified nosologist 
aicording to the protocol of the ICD re\,ision in effect at 
the time of death. The codes were subsequentl!. converted 
to the re\ enth re\ ision codti for the analysis (25 I .  Cnder 
the rules of this and subsequent revisions, cancer is coded 
- .hr  underlying cause of death if the immediate cause of 

rs "unm~stalably a dlrcct sequel of" the malignant 
se. Deceased workers lor whom no death certificate 

has yet been located were assumed dead on the dale 
specified by the reporting agency, with cause of death 
unknown. Persons lost to follow-up were assumed to be 
alive-which might possibly result in overestimation of 
cause-specific expected deaths. 

The mortality experience of the cohort was analyzed 
with the use of a modified life-table system developed by 
NlOSH (25). In this system, a worker accumulates PYAR 
upon completion of the eligibility period (in this study, 
at 6 months of employment). T h e  PYAR are specific for 
5-year age groups, calendar periods, and years since first 
employment (latency). An expected number of deaths is 
calculated by multiplying U.S. white maledeath rates by 
the corresponding age and calendar-year PYAR cate- 
gories. The  resulting quantities are summed over all ages 
and years to obtain the total expected numbers. The 
observed numbers of cause-specific deaths are compared 
ki th  the numbers expected. The  ratio of observed-to- 
expected deaths multiplied by 100 is expressed as the 
ShfR. 

In the initial analysis, in which mortality in the 
cadmium workers was compared to that of the general 
U.S. white male population, the causes for which excess 
mortality or morbidity were obscned in previous studies 
of cadmium workers were considered a priori to be of 
particular interest. Those of central concern included 
deaths from prostate and lung cancers (1,20) and from 
nonmalignant respiratory and renal diseases (6, IS, 16). 
Other conditions for which a priori concern has been 
niscd include hypertension (6,26) and renal cancer (27). 
Mortality from h'hlGID also was examined because of 
the acute gastrointestinal toxicit) of cadmium and 
because of reports of chronic gastritis and gastrointestinal 
ulceration (28-30). Although in each case cadmium is 
suspected of causing an excess of mortal~ty, ure present 
95% CI. corresponding to a two-sided alpha level ofO.05, 
throughout this paper. \\:here the 95% Ci includes the 
null but the 90% does not, we present both. CI were 
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calculated with the use of Fisher's exact Cl (if either the 
observed or expected was less than 10,or approximate CI 
(if obse>ed or expected frequencies were 10 or more) (31). 

For selected cause5 of death we examined mortality in 
relation to cumulat i~e  exposure to cadmium. For sub- 
p o u p  comparisons we used the directl) standardized 
SRR as the measure of effect (32). T o  compute these, the 
aee.specific and calendar time-spccific rates of the 
subgroup were multiplied bv the corresponding PYAR 
cells of the standard population-here the PSAR distri- 
bution of the overall cadmium cohort. The results were 
summed to yield the expected number of deaths that 
would occur in the overall cohort were the rates of the 
subgroup to apply. This  total number of expected deaths 
was divided by the total number of PY.4R in [he overall 
cohort to yield a directly standardized mortality rate. The  
ratio of this rate to the standardized rate for the overall 
cohort, if U.S. age, sex, race, and calendar-period rates 
applied, yielded the SRR. 

T o  analyze mortality by cumulative exposure, we chose 
the exposure categories a prioris on the basis of current or 
proposed regulator\. standards and on the assumption 
h a t  such standards are intended to protect a worker over 
a 40.year working lifetime; e.g.. 40 years' exposure to 
cadmium at or below the current h'lOSH proposed TWA 
of 40 gg  'm' would result in a cumulative cxposure of u p  
to 584 mg-da).s!mS. Forty years' exposure to cadmium at 
levels above lhe current KIOSH n V A ,  but within the 

RESULTS 

Becausc of the small number of nonwhites and females 
(total=13) in the cohort, we rcsuicted the analysis to rhc 0 
602 white males. Tablt 2 shows the vital status of ~hesc  
workers, by duration of employment, as of December 31, 
1978. Of these. 41 1 were alive, 179 were dead. and 12 
(2.0%) had unknown vital status; 43% had been employed 
for less than 2 years. 

Text-figure 2 shows the distribution of the cohort by 
year of first employmcnt. Tworthirds of the individuals 
had starled work before 1949 and thus could be followed 
beyond 30 years. Nea:ly 83% had over 20 years of 
follow-up. 

Table 3 compares thr number of cause-specific deaths 
among the overall cohort with the number expected. 
based on U.S. rates. A deficit was observed in mortalirv 
from all causes (SMRz95; 95% CI=8!-1101, d m a  
deficit in diseases of   he circula~ors system (SMR=65; - 
95% CI=49-85). Significantly increased mortality was 
observed for respiratory cancer and NMGID. The  excess 
of nonmalignant respinton disease was not slatistically 
significant in the overall cohort. 

Twenty dcaths were due to respiratoq cancer. all 
among workers with over 2 years' employment and all 
due to cancers of the lung, trachea, and bronchus. 
Expected deaths were 11.43 in this more specific subgroup 
(ICD code 162-163), which was subsequently callel lung 
cancer. Two of the deaths from lung cancer were initially 
miscoded as being due to other causes. Inasmuch as th 
immediate causes of these 2 deaths were unmistakabl, lo 
direct sequels oI malignant conditions, the dealhs were 
recoded to lung cancer in accordance with the rules of the 
ICD Sevenlh Revision. Analysis that excluded these cases 
yielded an SMR for lung cancer of I57 (18 Obs vs. 11.49 
Exp; 95% C1=93-249; 90% W=10?-234). 

TrsT.nr.l.Rr 2 -Cumulalivf d~nribulion b! v o r  ol 
Ilrw tmploymcnt lor cadmium production vorkcrs 
includrd ,n cohort. 20 yrs. of l0l low-up 182.5:d 

cumulative 6G 
Percent 50 

" 
I I I I I I I I -  

1910 1920 1%; 1%0 1 19% 1970 End of 

Year ol First Employmenl 
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TIRLL 3 -.hlortollly front "rlrrlrd rouxr. q ldroih among s h ~ i r  molrr "70 6 or morr matt .*  oojrodm~uw. prdurJlor v w r  J94GbY 

C~use C! death ICD. 7th E;o of deaths 
revision ShlR 95% C1 

0 hr Ern 
~~- ~~ ~- ~- 

allmant neoplasm 140-199 41 36.46 112 El-IS3 
D~pesuw synem 150-159 7 10.85 65 2E-133 
Resp~rabry syslrm 160-164 20 12.15 165 101-2s 
Gen~tourifiary tract 177-182 6 4.45 135 49-293 
Lymphat~c and hemarowietic 200-205 3 3.37 89 17-270 ~ - 

tissues 
Other unspecified neoplasms 5 5.64 89 29-20; 

D~seases of the circulatory system: 400-468 56 85.66 65 4945 
Heart disease 

Sonmalignant respiratory diseases 470-493. 16 10.37 1% 88-251 
500-52i 

Acute infections. influenza. 4iO-493 7 4.47 157 €3-323 
Dneumonia 

Other respirator). diseases 
SXIGID 

All other causes 
Al l  causes o! death 

Of the 6 deaths from genitourinary cancer. 1 was due to 
renal cancer ( \ ,s. 0.92 Exp). 2 tocancers of the bladder and 
other urtnary organs (vs. 1.10 Exp). and  3 to proslate 
cancer cvs. 2.20 Exp). No new deaths from prostate cancer 
were obsemed since the Lemen el al. report ( I ) .  

O n e  of the o r i e ~ n a l  prostate cases u,as a plant guard 
who b a s  excluded lrom this cohort because he h w  
d c d  6 months in a oroduction area. Another deceased 
w r  had prostate cancer listed as a contributing cause 
ot eath but could not be included in thts analksts 
because prostate cancer was not listed as the underlying 
cause of death. T h e  remaining 3 deaths from prostate 
cancer had occurred among workers with 2 or  more years 
of employment and 20 or  more years of observation (vs. 
1.41 Exp; ShlR=213; 95% CI=i4-622). 

Sixteen deaths occurred due to nonmalignant  respira- 
t o n  disease: i of these involved workers employed for less 
than 2 years. T h e  death certificates of S workers rnen- 
tioned silicosis. Silica exposure may have occurred from 
work with refractory brick in furnace areas of the plant 
but is undocumented. One of the workers whose certifi- 
cate mentioned advanced silic.osis had been employed for 
only I vear, suggesting that the exposure had occurred 
elsetchere. 

\\'e noted 9 deaths from NhlGID, excluding cirrhosis. 
T h e  death cerlificates of 6 of these suggested peptic ulcer 
disease. l los t  of the deaths from NAIGID were of long- 
term employees, whereas 5 of the 6 deaths attributed to 
cirrhosis involved short-term workers. 

S o  excesses ,,,ere noted lor deaths artributablr to 
hvpc:ttnsion (3 Obb: 3.22 Expj or to nonmalignant  renal 
di .  ,ca,e - - I I Obs: 1.35 Esp).  A single death certificate listed 
renal diseasr as the underlying cause of death [death had 
&.*en due  to acute nephritis (ICD code 590!]. and 4 other 

flcater listed nonmalignant renal disease as a conuib- 
causr of death, No coinparison rates were avail- 

a t l c  lor analysis of these contributing causes of d r a ~ h .  

Arsenic Exposure 

Substantial arsenic exposure occurred throughout the 
plant during the years 1918-25 when the facility func- 
tioned as an arsenic smelter. Because arsenic is a known 
risk factor for lung cancer (33). we slratified h e  cohort 
into workers employed before and  those first employed 
on  or after J a n u a ~  I.  1926. We h e n  compared mortality 
from lung cancer among each of these subgroups with 
that of L1.S. white males   able 4). Lung cancer mortalit! 
was significantly elevated among persons hired prior to 
January 1.1926. Among workers hired after that date, the 
excess of lung cancer deaths was slaustically significant 
among workers employed for 2 o r  more years. \\'hen the 2 
initially miscoded deaths from lung cancer arc excluded 
from this analysis, mortality from lung cancer remains 
statistically above that expected b o h  for workers hired 
prior to 1926 tObs=3; Exp=0.56; 95% C1= 110-1565) and 
for workers with 2 or more years' employment who had 
been hired after 1926 (Obs=15; Exp=i.O; 95% CI= 
120-353). 

Mortality by ~ u m u l a t i v e  Exposure lo  Cadmium 

Tables 5 and 6 present data o n  mortality from lung 
cancer and  Nl IGID in relation to cumulati\e esposure to 

T ~ B L E  4.-.~lon'olity .from lunc ranc;r ( I C b  162-163) in 
whifr aal< rodntiltni prodlrrrio- 0-orirrr. L, dara qihirr 

s o  of 
Worker em;lioymen: s'atui des:hr 53l.l~. gj-% CI 

Obi Ex: 

Hired prior la :rr.i;rr? I. 1926 4 0 . 5  7 195-1629 
Hlred on or aPmr J a n ~ n n  1.192 

Overall cohort I6 I O E :  
Z' years emplo?menl 16 i.CII1 
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cadmlum Only the 576 u~orkers hirrd on or alter January 
1 .  1926, a r t  lncludrd in thesr analyses. Lung cancer 
mor ta l~ t )  rncreascd with increasing cumulative exposure 
lo cadmlurn, and this trend was apparent both in the 
SRR and the SAIR. .4 stmilar pattern was seen when the 
analvsrs was restricted to workers with 20 or mor? years 
since flrst exposure. T h e  regression slope lor the SRR lor 
lung cancer (cable 51 was 7.5SX10-' (P=.0001). T h e  
<scess of deaths from lung cancer was s~atisticallv 
sientlicanl onlv for the stratum of workers whose 
c u a t l v e  exposure to cadmlum exceeded 2.920 mg- 
dayszmJ,  the level conespondlnx lo a 40-vear exposure 
aTo\.r the current 05H.4  limit (93% CI lor the SMR= 
113-3iij .  In a separate analysis (nor shown), workers 
M hose c u r n u l a ~ i v e e s o ~ ~  to cadm~um ranged lrom 293 
to 584 me-davs,m' showed a n x R  for lung cancer of 
100 and an  SRR of Thrs level of cumulative - -- - - 

ehposurr 1s tqulvalrnt 10 40 !ears' exposurr lo airborne 
cadrnlurr. at Iete!, betbeen ?I and 40 uelrn'. In contrast 

~ - ~~ 

to its relationship with cumulative exposure. thr excess 
of lune  cancer mortaltt\ drd not increase with leneth of 
emplovmcnr beyond ? \ears. IVorkers employed for 2-9 
years. 10-19 years. and 20 o r  more years all showed 
approximately twice the number of deaths from lung 
cancer as expected from the U.S. rates. 

Only 6 deaths from NMGID occurred among workers 
hired since 1926. A statistically significant upward uend 
was evident in the SRR when mortality from h'rMGID 
was analyzed by cumulative exposure lslope=2.73X10-'; 
P=.014). Because of the small number of cases of 
NSlGID, these estimates are less stable than chose for 
lung cancer. Three additional deaths Iron] NXIGID 
occurred among the 26 workers hired before 1926. If 
arsenic were unrelated to NMGID, these deaths would 
increase further the observed morlality in the high- 
exposure, long-term employment subgroup. 

A similar analysis of deaths from nonmalignant  
respiratory disease was not performed, inasmuch as this 
study found n o  significant excess of deaths from this 
cause either in the overall cohort or among workers wiih 
2 or more years of employment. .4n excess of deaths in  
this category was apparent, however. among workers 
employed for 6 months to 2 years (Obs-8; EspzS.2;  

TABLE 5-L,1tzy ronrcr /ICD I€.'-IC>, niorfolity. by rairriilafivr 
prposijrr to  cod,r,ia,tt 117111r rnalrs h ~ r r d  O H  o r  

airr8.r Jonuary I .  I>.'€ 

Cumulative 40-yr T,i.X 
exposure. S M R  S R R  

mfdays m '  equivalenta PyAR deaths 

. 
C E w h ~ t e  males - - 100 100  

'The T\YA that o\.er r 40-year working lifet~me would result 
in:he in2ics:ed c u m u i a ~ n . e  exposure . 

Erclurion of t h e  sinpie worker hlred after 1926. whose death 
from l c n ~  cancer u.ai in i t ; s l l i  misroded. reduce.= the  number of 
observed deathr  in this s;ratum tn 6 and the  S R R  Lo 1.34 

TABLE 6 -.VMCID IICD 510-13.360-61. and 570)m1~rfal1fu bu 
rurnuiaf~~r rrpadrrr lo arrlnrnr radmrum H'harr malrr hwrd u p  

or ofrrr January I 1926 

Cumulatl\e T ~ A  
exwsure equlv~lent' denths mgdavs~m' 

5584 540 r ~ ' m '  i 005 
585-2 920 4 1-200 "gtm' 5.825 1 112 1 0  
22.921 S!W rg'm 2.214 3 582 113 

U S u h m  males - - 100 100 

'The TU'A that over n 40-yr work in^ lifetime would rrs;;Jt i r  

the indicated cumulative exposure. 

SMF.=249; 95% Cl=108-491). One of these deaths was 
attributable to silicosis. . 

DISCUSSION 

T h e  findings of principal interest in  this study were the 
increased mortality Irom lung cancer among workers 
employed for 2 or more years and the dose-response 
relationship between lung cancer morlality and cumu- 
lative exposure to cadmium. T h e  excess of malignant 
respiratory disease, noted previously in  this cohort b! 
Lemen et al. ( I ) ,  has continued during the expanded 
observation period. Eight new deaths from lung cancer 
have been identified. The  excess 01 deaths from rcspira- 
tory cancer among workers with 2 or more ynrs of 
employment continues to be staustically significant (new 
cases- 8; Exp-2.94; SMR=272; 955. Cl= 117-536. Fur-. 
thermore. bemuse national death rates for respirav 
cancer overexima~e regional (State of b l o r a d o  
Denver County) rates by 10-258 ( 3 4 ) ,  the mezsurrdexcesi 
of lung cancer deaths among longer-term employees 
probably underestimates the actual increase. 

T h e  observed excess of deaths from respiratoq cancer 
could be due to a uue  causal relationship between 
cadmium and lung cancer, to bias (the effect of uncon. 
uolled confounding), or to chance. Cigarette smoking 
and exposure to arsenic are turo extraneous factors which. 
if uncontrolled in the analysis, could explain the find. 
ings. Although the tobacco smoking habits of the* 
cadmium workers were not recorded at the time of  
employment, company representatives did collm infor- 
mation on past tobacco use by mailing a questionnaire to 
members of the cohort in 1982 (35). Interviews wtth 
approximately 70% of sunrivors or next of kin show& 
that i7.X oi  those for whom information was gathered 
were current or former smokers. Th i s  prevalenceof "ever 
smokers" resembles the 72.9% prevalence noted among 
C . S  white males, age 20 o r  over, in  the 1965 HIS (36 .. 
T h e  1965 H15 is perhaps the best source of inlomati03 
on the smoking habits of the general population during 
the obsen.ation period of this study. Using the 1 5 5  
survey data. one can estimate the effect h a t  dispropordon. 
ately heavy smoking by the cadmium workers would 
have on lung cancer mortality relative to that of th? 
general p~pu1ation:Compulations developed by .\ 
( 37 )  and Blair and Spiritas (381, combined w i ~ h  ih '0 



La. show thar even an  assumed doubling of the 
oport ion ol hcav). smohers will have only a smzll effect 
I the rate ratlo for lung  cancer: c.g.. if 107 of the 
dmium workers smoked more than 25 cigarettcs/day. 

d lo  2 0 h f  the 1965 white male general LC). n ,  the ratr ratio would increase only 1.25-fold. 
h u s  zarette smoking alone is unlikcl) to account for 
c twofold-to-threefold increase in deaths from lung 
n r e r  observtd among workers in this cohort who had 
ad ? or more years ofemployment. 
Substantial and widespread arsenic exposure occurred 
l o r  to 1926 when the plant operared as a n  arsenic 
nelter. T h e  rate of lung cancer mortality among  thc 26 
orkers employed before 1916 was nearly six times the 
.S. rates. Even after 1925, a small and unspecified 
~ m b e r  of workers occasionall\ processed arsenic in one 
-ea o l  the plant. This  was an intermittent operation. 
~ p a r e n t l y  staffed by workers from the roasting area. and 
s ted  into the 1930's. A second and continuing source of 
iposure involved workers in the sampling,  mixing, 
)asting, and calcine furnace areas of the plant who  were 
iposed to arsenic conlaminat~on from the incoming 
.rd material. Only six industrial hygiene measurements 
.ere made in these areas before 19i j .  In  1950, airborne 
rsenic concentrations ranged from 300 to  700 pg'm' 
ear the roasting and calcine furnaces. the areas of 
ighest exposure. hleasurements b\ the company and 
)SH.4 in 19i9 show that arsenic exposures in  these areas 
ad  decreased to about 100 pg 'm'. Although air le\rels of 
rsenic in this confined area were still 10 times higher 

e lcgal OSH.4 threshold limit value of 10 pg .'m3, ::,'& ersonal esposures were lower due to respirator 
sad . One can estimate the number of lung  cancer 
eaths potentially attributable to arsenic by assuming a )  
n average airborne arsenic exposure of 500 p g , m l  in the 
'high-arsenic" work areas during the years of this study, 

a respirator protection factor of i5% (similar to that 
ssumed for cadmiumi, and  c )  an estimated 20% of PY of 
sposure  spent in high.arsenic jobs. an  estimate based on 
)ersonr~el and biologic monitoring'data. O n  the basis of 
hese assumptioni. the average airborne arsenic exposure 
~f persons in this studv would have been 25 ga'm'. 

1; more than 0.77 lung cancers.'on the basis of a risk 
~jsessment model for arsenic developed by the 05H.4 
j c ~ .  

.Although the estimate of an average air exposure to 
~ r spn ic  of 3 pg rn! rests o n  :-\era1 assumptions, it is 
n3rt libel! to overestim3te than to underestimate actual 
:xr,ojrlres. Onl! a fraction of jobs in  the hieh-arsenic 
ar.25 i r ~ \ n i \ r d  espoiures as high as those of the furnace 
3 r r J i .  H i c h - c x p o s ~ r r  jobs i ~ .  the r o ~ s t - r  are2 we:- 
Ircqi~cntl \  staffed b\ entn- le ie l  workers. mzny of \<,horn 
r \orird 1r:s than 6 months. These \ e n  sho:t.term 
k:..ir,:s \ \ ~ r h  bricf but h izh  t sysu reb -c reexc ludcd  from 

r I e the: \..ere included in our 
t ol "5 of P1' of e s p o r , ~ r r  spcnt ir, h~gh-arsenic 

jobs. 111 addrtron. ur i r~ar .  ar!r.nic I?\els measure2 on 

workers in the high arsenic areas from 1960 to 1980 
averaged onlv 46 pg'litcr, a level coiisistent wi:h an 
average inhaled arsenlc concentration of 14 pg/rnZ (10). 
Thus  the assumption of an  average inhaled concenuation 
of 125 pgim' (25% of 500 pgjm!) over these years 
overestimates the actual exposures by ninefold, more 
than compcnrating for the unquanulied higher exposures 
during h e  early years. Arsenic alone does not appear to 
explain the obsened excess of deaths from lung cancer. 

The  central finding of the study was the observed dose. 
response relationship between mortality from lung cancer 
and cumulative exposure io cadmium. Prerious epide- 
miologic studies of cadmium workers have had insuffi- 
cient indusuial hygiene data to estimate cumulative 
csposure. The strong dose-response pattern observed in 
this study is consistent w i h  a causal relationship 
be~ween cadmium and lung cancer. It also suggests that 
the current OSHA occupational standard, limiung expo- 
sure to cadmium dust to 200 rg/mJ, is inadequate to 
protect workers over a 40-year working lifetime. J y o M  

OSH.4 limit but above the N O S H  recommended limit 
showed a 50% excess in lung cancer deaths. 

T h e  potential role of cadmium as a pulmonary 
carcinogen has gained biologic plausibility because of 
the experimental induction of lung cancer in rats 
exposed to cadmium chloride aerosol (22). Epidemiologic , 

studies of mortality among cadmium workers in England ' 
and Sweden have, however, shown connicung results. 
Sorahan and \Taterhouse (18) found a staristically signifi- 
cant excess of deaths from respiratoq cancer (Obs=89: 
Esp=i0.2; ShIR=127; 905 C1=106-151) in a cohort of 
3.025 English nickel-cadmium b a t t e ~  workers. A subset 
of these workers had been included in  the earlier studies 
of Potts (2 j and Kipling and !Vaterhouse (3). Although 
the authors observed a positive associauon between death 
from respiratoq cancer and cumulative durauon of 
employment in jobs with high or moderate exposure lo 
cadmium, h e y  noted that these workers also were 
esposed po~entially to osyace~ylenc welding fumes and 
ro nickel hydroxide dust. Holdcn 1 1 ; )  found a statisticall! 
significant excess of deaths from respirator). cancer 
(Obs=96: Esp=26.06: S I R =  138: 95% CI= 106-339) and 
from prostate cancer (Obs=8; Exp=9.00; S\lR=26i; 
905 CI = 115-525'1 among 624 cadmium "vicinity" work- 
ers but not among 347 workers employed diiectly in 
m~nufactur ing  cadmium copper alloys. T h e  vicinity 
\$.orL.ers wer? also exposed to arsenic. 

.4rmstrone and Lazantzis (19) .  escluding the cohorts 
s tui i td b! Sorahan and JVaterhouse 116) and Holden 
(!:,. recent]! described mortality among workers enrollcd 
in the rcgistn of English cadmium workers. A small. 
s!~:isticali! insignificant escessof deaths from respiralon. 
canirr wzs evident in the overall cohort (Obs=199; 
Ex?= lS5.6: S\IR=lO;: 95% Cl=O>l?21. This  marginal 
ehcesr is  consistent with the results in our stud!. 
ir.r,;nuch as most o f  the \..orkers in  the .irmsuong cohort 



had o n ] )  mtnimal exposure to cadmium. Less than 3% of 
the workers in the Armsuong cohor~  were classified as  
"ever hlghI\ rxposrd." H ~ p h  exposurr was defined as  
h ~ i n g  workcd at least I year in a job that the authors 
judged would produce a urrnc cadmrum level of at least 
20 pg 'liter following chronic exposure. In our cohort. 
@ I %  of workers for whom urine cadmium had been 
measured had a median urine cadmium of at least 20 
~ g f l i t e r .  Even among workers with less than 2 years of 
employment, approximatel\ 30% had a median urine 
level of 20 pg'liter. One  mteht argue that in each of the 
epidemiologrc studies in which excess mortality from 
lung cancer was seen, other occupational exposures such 
as  arsenic or nickel were present and could have 
conuibuted to the problem. L1nfortunately, the published 
versions of these studies d o  no! include sufficient infor- 
mation on the level of exposure to either cadmium o r  to 
olher metals to permit assessment of this problem. 

Increased mortality from Sh lGID has not been re- 
ported previously in association with cadmium. Ingested 
cadmium is a severe gasuointestinal irritant in m a n  (5, 
?6),  and Tsuji et al. (29) and .\dams et al.  ( 3 0 )  have 
commented on the frequent obsenation of gastritis and  
gasrrointestinal ulceration among chronically exposed 
persons. In our  study we observed a 2.8-fold overall 
increase in deaths from Sh lGID (excluding cirrhosis of 
the liver) among  u.orkers employed on or  after Januar). 1. 
1926. Deaths from these causes showed a eeneral associ- 
at ion with prolonged employment. ~ e & u s e  NMGID 
previously has not been examined systematically, we 
view this finding as a hypothesis to be examined further 
in future studies rather than as a definitive conclusion. 

KO new deaths from prostate cancer have occurred in  
this cohort since the Lemen study (I ). In addition. 1 of 
the 4 original cases was excluded from this analysis 
bemuse of the revised definition of the cohort. T h e  
excluded worker had been employed for 13 years a s  a 
guard who pauolled the entire plant but a t  n o  time had  
worked for 6 months  in a production area. Exclusion of 
such a worker is to a certain extent arbitrar).. Also, 
because the small size and  short additional follow-up of 
this cohort has low staristical power, and  because 
prostate cancer is frequently a nonfatal disease imper- 
fectly studied by death certificate data. we believe that  the 
absence of new cases during the 5 additional years of 
follow-up weakens but dots not refute the possible 
association between crdrnium and prostate cancer. 

T h e  presence of only I death attributed to chronic 
renal failure is interesting. inasmuch as cadmium is a 
known nephrotoxin and because increased mortality 
from chronic nephritis and nephrosis has been noied 
among  Swedish batter\. workers ( 15 ,  16). T h e  difference 
may well be due  to local differences in recording certain 
types o l  i n f o r m ~ t i o n  on  death certificates. T h e  compar-  
isons in our  stud!. \$ere based u m n  the underlying causes 

In contrast to the Lcmen study ( I  ), we found n o  cxmss 
o f  d e a ~ h s  from nonmalignant r c sp i r a~ov  disease e i thn  in 
the overall cohort or among workers with 2 or more vcars 
of cmploytilent. If dcaths from silicosis are excluded, tht 
only increase in morlalily from thcsc causes is amon 
workers with shorl-term employment. T h r  signillcan 
of  his finding is unclear. b 

In summary, the finding of increased lung cancer 
mortality in this follow-up analvsis is consistent I )  with 
the previous mortality stud! of this cohort ( I  ). 2 )  with the 
recently published rat inhalation stud\  ( 1 3 ) ,  and 3 )  with 
the epidemiologic findings of Sorahan and Walerhouse 
(18). An association of cadmium with SMGID was also 
observed. Previous findings (1-3)  of proslate cancer 
among exposed workers were somewhat weakened. 
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As the first nerillothionein to be isolated 11) contained 
a high content of cd2*, it was a logical assuqtion that one 
funcrlon of thionein might be to provide a defence mechanism 
againsr this roxic cation. This possibility. amongst others, 
was consieere.' by a 9 i  and Vallee (2.3) and was developed by 
Piscator ( L )  as ax hypothesis to eqalain the progressive 
accunulation of biologically inert ~ d z *  in the livers and 
icilzeys of rabbits, erposed to repeated small doses Of CdCil. 
The detoxification function of thionein against lw level 
exposure to either p&rentenlly, or orally, administered cd2+. 
%as confirmed in r nunber of later investigations (3-10, see 
also ref.11). There investigations established CleArly that 
cuc5 of rhe high body burden of cd2+ accumulated by the 
experimental anilul under these conditions was present as the 
merallothionein in the livers and kidneys. and thus was 
unavailable for interaction with processes with inportant 
biological functions. Other studies suggested that the 
inducible synthesis of thionein in these organs is not limited 
to cd2*, but probably functions under conditions of either 
chronic exposure to H92* (12). or increased .tissue ConCentra- 
lions of the essential, but potentially toxic, Zn2+ and Lu2* 
cations (e.9. refs. 13 L 14). 

Pretreatlent of experimental animals with a low dose of 
cd2+, or hipher dose of ln2+, is known to protect them against 
a subsequent, nonally lethal, dose of cd2+ (13) and also to 
prevent the cd2+-induced testicular damage ( 1 6 1 7 )  placental 
k.aemorrhage (18) m d  foetal malformations (19-21). AS both 
prer:eatnent cations Stimulate the synthesis of the 
;orzespondinp metallothioneins, protection apaizst such acute 
effects of cd2+ also has been attributed to these metallo- 
proteins (6.8,22-23). Since ln2+ is a comon component of 
the netallot5ioneins that are induced by both cd2+ and 2n2*, 
it is possible %bat such protection could result from the 
replacelent of *is cation by c$+. Alternatively, pre- 
rrearaenr night eliminate the lag in thionein synthesis (26)' 
silch that fuzzher production of the protein is an immediate 
response. to su>seq';er.t challenge with cd2+. mere is some 
eqeriaental supprt for both of there possibi1i:ies. Thus 
 LA+ has been shown to dis2lace ~ n z +  from zinc-thionein ( i , 8 )  
and iroa (cr*iw, zinc)-thionein (22,21), in the livers oi 
ani=rli pretreated with 2n2+ and cd2+ respectively. Yoshikawa 
(17) i~f! Sur,&i and Yoshikara (22) consider that this 
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replacement of 2n2+ in  presynthesized ( c a k z ,  zinc)-zhioaein 
l eads  t o  a more rapid accunulation and h o 2 1 : i z a t i o n  of c ~ Z *  
i n  the  l iver  of the p re t reb ted  an-: and, as a r e s u l t  of r h i s ,  
uptake of the Cation by other  o r q a s  i s  deczelsed. According 
t o  Leber m d  Miya (24) the  hepatic concentra:ioo of (Camium, 
zinc)-thionein in  mice, and thus of replaceable ~n:+,  increases 
with the  pretreatment dose,  a s  does =he tolerance t o  t d 2 +  on 
subsequent exposure. A p o s i t i v e  correlario:. %=weer. %he 
  pa tic content of t h i s  metallothionein &?a -Le LDjo of cd2+ 

by t h e  l i v e r  was assoc ia ted  with the high molecular weight 
p rore ins  of the  cytosol .  I n  t h e  pre t reated u i w l s ,  however, 
the  lag phase was e l iminated urd ,  fron the  e c l i e s t  t i a e s  

of the cd2* 

Whilst these inves t iga t ions  seem t o  suppar: rhe concept 
o f  a protect ive  funczion of pre-induced ( c a t i w ; ,  .zinc)- 
th ionein  against  the  acu te  t o x i c i t y  of ~ d 2 *  *ere a r e  other 
observafions which a r e  d i f f i c u l t  t o  reeencile with *.is view.- 
For example, p ro tec t ion  can be obtained with, and is e f fec t ive  
a g a i n s t ,  orher ca t ions  t h a t  do not induce thionein s 
Shus 1n3* and Mnz+ p r o t e c t  agains t  acute  doses o f  Cd %Y&t. 
and pre t reament  with pb2+ confess protect ion s p a i n s t  toxlc 
doses of pb2+ (29). Also, protect ion aga ins t  C C ~ *  i n  r a t s  bas 
been shown t o  be maxinal 1-3 days a f t e r  p z e t r e a 3 e n t  w i t h  a low 
dose of Cd2+ and then t o  decrease w i t h  t i n e  (33). B o a  the  
content  of the  pre-induced metallothionein,  rr well a s  the 
capac i ty  for the  immediate sjmthesir of t h i s  net r l loprote in .  
however, were re ta ined i n  the  l i v e r  of the  pre t reated mi!aal 
fo r  a much longer period. I n  rgreesenr w i t h  the oasen.ations 
of Yoshikawa (27),  Suzuki and Yoshikawa (22).  Squibb pf g. 
( Z f ) ,  and Cherirn and Vostal ( 3 3 ) '  hep?asic uptake of c&+ was 
found t o  be much grea te r  i n  %he pretreaze2 r?.h&ls t!!a.-.- i n  the  
non-pretreared con:rols. Uptake of the c a t b :  by rho ki&?eY, 
sp leen ,  pancreas, brain and hear t ,  houever, was unaltered,  
w h i l s t  faecal excret ion was decreased. m.e ir.crease2 reter.tion 
i n  the  l i v e r ,  therefore ,  protably was due t o  cecreased b i l i a r y  
excre t ion  of ~ d 2 +  t h a t  i s  known t o  r e s u l r  fzo: pzQ=rerZaent (31). 



h e  synthes is  of hepa t i c  z inc- th ionein  is s t i n u l a t e d  by 
r e s t r i c t i o n  of food in t ake  (32 ) ,  but  Webb and Verschoyle (31) 
have shbm tha t  t he  intravenous LDso of cd2+ i n  s t a r v e d  r a t s  
is  the  sane a s  :hat i n  normally f e d  animals. Also,  even though 
weanling r a t s  conta in  very high concent ra t ions  o f  z inc- th ionein  
i n  t h e i r  l i v e r s ,  t he  LDSO of  i n t r a p e r i t o n e a l l y  adminis te red  
Cd2+ is not s i g n ~ f i c a n t l y  d i f f e r e n t  from t h a t  i n  a d u l t  females 
(G.P. Samarawickrana and M. Webb, unpublished obse rva t ions ) .  

h e  a h v e  d iscuss ion  s u p g e s t s ,  t he re fo re ,  t h a t  t he  acu te  
t o x i c i t y  of ~ d 2 +  i s  not determined by the  hepa t i c  Concentrat ion 
of  presynthesized zinc-, o r  (cadmium, zinc)- thionein.  Webb and 
Magos (33) a l s o  conclude t h a t  t h e  presence of t h e  l a t t e r  m e t a l l e  
t h ione in  i n  the kidneys of cd2+-?retreared r a t s  cannot  exp la in  
t h e  resis:ance of these 'animals t o  normally nephrotoxic doses 
of H$+. I n  t h i s  work, fo r  example. ~d2+-pre t rea tment  was found 
t o  inc rease  not only t h e  r e n a l  con ten t  o f  thionein-bound-Hg2+, 
as observed previously by Suzuki  (34) and Shaikh 2. ( 3 5 ) ,  
but  a l s o  t h e  contents  o f  Hg2+ i n  a t h e r  c e l l u l a r  conponents. 
AS,  r t  normally nephrotoxic doses ,  increased ~g'+-incorporat ion 
i n t o  these  conponents was p r e a t e r  t h u r  t h a t  i n t o  the  metallo- 
t h i o n e i n ,  i t  seeas t h a t  t h e r e  i s  no o b v i o u s ~ r e a s o n ' t o  a t t r i b u t e  
t h e  p r o t e c t i v e  e f f e c t  o f  cdZ+ to  t h e  induction of t h i o n e i n  
s y n t h e s i s ,  and o the r  mechanisms ( c f .  e.9. 36) seem more probable. 

whilst, t he re fo re ,  a r o l e  fo r  th ionein  i n  t h e  de tox i f i ca -  
t i o n  of c e r t a i n  heavy meta l  i o n s  s e w  t o  be e s t a b l i s h e d  
c l e a r l y  only a t  continuous low l e v e l  exposure, t h i s  i s  u n l i k e l y /  

t he  nornal phys io logica l  func t ion  of tkke p ro te in .  I t  has 
uggested t h a t  e i t h e r  t h i o n e i n  i t s e l f  (37 ) .  o r  i t s  coppFf 

d e r i v a t i v e  ( 3 8 ) ,  may be t h e  b i o l o g i c a l l y  a c t i v e  molecule wi th  
func t ions  i n  t h e  maintenance of redox p o t e n t i a l s  ( 3 i ) ,  ion  
t r a n s p o r t  ( 3 7 ) ,  ne tabo l i c  poo l s  of  cys t e ine  r e s idues  (39) ,  m d  
i n  b ioene rge t i c  systorns, p a r t i c u l a r l y  when t h e  c o n t e n t s  of 
cy tochrose  c  oxidase a r e  l o w  (38). m e r e  is a l s o  much evidence 
t h a t  t h e  p r i a a r y  b i o l o g i c a l  func t ion  o f  t h i s  i nduc ib l e  p ro t e in  
is r e l a t e d  t o  t he  metabolism of t h e  e s s e n t i a l  2n2* Cat ion  
(7,8,32,40-24). According t o  Chen s. (a,*), Zinc- 
t h i o n e i n ,  which accumulates i n  t h e  l i v e r s  of r a t s  that a r e  
maintained on a  die7 wi th  h igh  l e v e l s  o f  h2+, i s  e l i s i n a t e d  
w i t h i n  3 days when the animals  are t r ans fe r r ed  t o  a zn2+- 
d e f i c i e n t  d i e t ,  t he  l o s s  k i n g  a s s o c i a t e d  with inc reased  u r ina ry  
and f a e c a l  excze t ion  o f  low molecular  weight 2n2+ conplexes. 
They conclude, t he re fo re ,  t h a t  t h ione in  has a fundaaenta l  r o l e  
i n  t he  a c c ~ u l a t i o n  of excess  ~ n z * ,  r a the r  than i n  rhe  .storage 
o f  t he  ca t ion  fo: subsequent u t i l i z a t i o n .  A conserva t ion  
iunct ior . ,  however, i s  i n d i c a t e d  by - the  f o r m t i o n .  of hepa t i c  
zinc-:hionem ir. t he  r a t  dur ing  pos t -surp ica l  t r a c a a  ( 4 6 ) s m d  
i n  responhe t o  szarva t ion  (32.44). 



Repulation of ln2+ absorption in rats, attributed by 
Cotzirs +1. (47) to negative-feedback control, was shown by 
Evans 11. (48) to be mediated, at least in pa:!, by the ~n2+- 
content of the intestinal mucosa which, in turn, is regulated 
by the 2n2+-concentration of the plasma. Previously r function 
of thionein in the regulation of the absorption and/or transport 
of both Zn2+ m d  cu2+ seuued to have been established bv the ~ - 

isolation of metalloproteins, tentatively identified as zinc- 
and copper-thioneins fros the intestinal mucosa of the chick 
(49). rat (50) and bovine (51). Later work by Evans and 
colliborators (4@,52-55), however, established that ZnZ+- 
absor?tion is determined not by the formation of zinc-thionein, 
which is absent from the intestinal mucosa of the rat when the 
rate of absorption is high, but by a low molecular weight 
ppride (55), that acts as a ligand for 2n2+ in the mucooa, 
and the degree of saturation of the cation-binding sites of 
the carrier protein, albumin (53,56), or trmsferrin (57). in 
rerum. This work was confirmed and extended by Richards and 
Cousins (44,58,59) who produced evidence that absorption of 
Zn2+ in the rat was related directly to the presence in the 
intestinal mucosa of the ~n2+-chelate of the low molecular 
weight ligand and inversely to the synthesis of zinc-rhionein. 
mere authors suggest that, in cells of both the liver -d 
intestinal mucosa, tho contents of this metallothionein are 
correlated with the serum Zn2+-concentration; in the former. 
synthesis of zinc-tliionein is considered to control uptake and 
storage of Zn2+ and, in the latter.20 f o o  an alternative 
cation-binding species, which acts competitively with the 2n2+- 
carrier peptide to regulate the transfer of the cation to the 
blood. 

At present, there are difficulties in the applicaxion of 
this regulator hypothesis to the pregnant animal, in which 5 transier of Zn + from the mother to the foetus must be related 
to the Zn2+-concentration in the maternal blood. As was observed 
initially by agi (60), metallothioneins s e a  to be present in 
arge mounts in certain foetal tissues. High concentrasions of 
zinc-tlionein, for example, occur in the livers of foetal rats 
(61, G.?. Slmrrawickrdma and M. Webb, unpublished observations) 
rabbits and human-beings (A. B&a and M. Webb, unpublished 
observations), and of (coppor,zinc)-thioneins in the livers of C rine (A. B&a and M. Webb, unpublished observations), bovine 
(62) a.5: probably porcine (63) foetuses. In the liver of the 
foetal rat, the concen+rarion of thionein-boupd-Zn2+ may exceed 
70 -g/s wet wr. tissue and yet be at or near the l*t of 
detection by conventional nethods of analysis in the maternal 
liver (G.P. S&%orawickrwa and M. liebb, unpblishet observa- 
tions). Although the variability in cation contents of 
diffeze-t foetal metallorhioneins eight be considered :o be . 
inCica-rve o: i storage or protective role. there is soae 
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evlcence t o  s u s g e r t  t h a t  h e p a t i c  zinc-thionein o f  t h e  r a t  f o e t u s ,  
i t  less:. may be o f  func t iona l  s ign i f i cance  (A. m a ,  
G.?. S a a r a w i c k r v  and M. Kebb, unpub l i sbd  obse rva t ions ) .  
T5us. i n  these  f o e t a l  l i v e r s ,  t h e  content  of thionein-bound- 
2n2* .?creases r a p i d l y  from t h e  16th day of g e s t a t i o n  and, a t  
b i r t h ,  =ay be berueen 70 and 100 &g/g wet ur .  t i s s u e .  Afrer 
b i r t h ,  :he hepa t i c  concen t r a t ion  of the s e t a l l o t h i o n e i n  a t  
:<-: *---I i n c r e a s e s ,  but  a t  a  s lower r a t e ,  t o  a  maximum a t  about 
7 days. I t  then f a l l s  almost t o  zero a t  16 days. Intravenous 
ad=lr.is:rztion of ~ d 3 +  (1.25 mg/kg) t o  the pregnant  r a t  on the  
16th 2iry of g e s t a t i o n  prevents  subsequent accumulation of  z inc-  
:hior.e;n i n  t he  f o e t a l  l i v e r s .  mis seems t o  be due t o  the 
ir,..-.-: I l l l .-on of i n2+- t r anspor t  by cd2+ i n  the materna l  p lacenta .  

and co t  t o  t he  s=all amount of  t he  l a t t e r  c a t i o n  t h a t  en t e r s  t he  
foe tus  a t  t h i s  dose Level,  and which is bound b t h e  metallo- 
t h ioze in  of t he  f o e t a l  l i v e r .  I n h i S i t i o n  of  ZnY+-transport 
p e r s i s t s  f o r  t h e  remainder o f  g e s t a t i o n ,  althouph it decreases 
slowly (e .9 .  from 8 6  a t  4h. a f t e r  c d 2 + - a h i n i r t r a t i o n  t o  665; 
a t  e h . )  with time. 

I f  accumulation of z inc- th ionein  provides a defence mechanism 
a s a i r s t  excess i n2+  dur ing  normal f o e t a l  development, t he  content  
of  the n e r a l l o p r o t e i n  might be expected t o  remain l o w  in  t he  
l i v e r s  of the newborn pups o f  t h e  cd2+-treated mothers. I n  
these l i ; t e r s ,  however, t h e  hepa t i c . concen t r a t ion  o f  zinc- 
th ionein  inc reases  t o  reach approximately t h e  same m u h u m  
'5C-80 ,g th'ionein-bound-~n2+/~ wet w t .  t i s s u e )  a t  t h e  same 

a s  t h a t  i n  nornal  newbarn animals. F rac t iona t ion  of t h e  
.r cy toso l  o f  t h e  weanling shows t h a t ,  once the  conrent  .@ h e w t i c  z inc- tk ionein  reaches  i t s  m a x i m u m  and begins t o  

decrease ,  t h e  c o n t e n t s  o f  both :nZ+ and p r o t e i n  i n  one  of t h e  
high molecular weight  f r a c t i o n s  increase.  me ga in  i n  ZnZ+ by 
t b i s  heterogeneous f r a c r i o n  which, as shown o r i g i n a l l y  by Brernner 
and b r s h a l l  (64) and Bremner m d  Davies ( 4 6 ) ,  con ta ins  super- 
oxide dismutase and carbonic  mhydrase ,  is  no t  s t o i c h i m e t r i c  
wi th  the  l o s s  from t h e  me ta l lo th ione in ;  m obse rva t ion  t h a t  
poss ib ly  is t o  be expected from t h e  f indings  o f  Chen or 1. 
(43,s) on t h e  e l i m i n a t i o n  of thionein-bound-~n2+ f ron  the  l i v e r  
of  the 2n2+-loaded a d u l t  r a t ,  These r e s u l t s ,  t he re fo re ,  i n d i c a t e  
b u t ,  a t  p re sen t ,  provide  no f i rm evidence t o  suppor t ,  the poSSi- 
bi1i:y t h a t  accumulation of hepa t i c  zinc-thionein during late 
f o e t a l  and e a r l y  pos t -na t a l  l i f e  i n  t he  r a t  may be r e l a t e d  to 
subsequent requirements  for  t he  c a t i o n  i n  the s y n t h e s i s  of o the r  
meta:lc?roteins a t  l a t e r  s t a g e s  of d e v e l o p e n t .  Such a funct ion  
has been considered p rev ious ly  fo r  neonazal mitochonlrocuprein 
( 6 5 ) ,  which i s  regarded a s  a p o l p e r i c  fo rn  of  p a r t i a l l y  loaded 
copper-rhionein (65 ,66) ,  and may a c t  as a r e se rvo i r  o f  cu2+ fo r  
t he  su5sequent f o m a t i o n  of cytochrome-c oxidase ,  t h e  c0nter.t  
o i  which inc reases  r ap id ly  du r ing  the  neonatal  period. 



M. Webb 'e 
I: is possible that, if copper-thionein undergoes poly- 

merization in vivo to mitochondrccuprein. the presence of zinc- 
thionein in some foetal livers, and of (cvper. zinci-thionein 
in others, M y  be correlated virh the content of this insoluble 
copper-protein. This would iqly that copper- and zinc- 
thioneins =cur as separate species. and thus would be contrary 
to current concepts that both cations are present, though in 
different ratios. in all foras of (copper, zinc)-thioneins 
(67,bC). Khilsz this m y  be :rue wher. %he Cu:Zn ratio is high. 
it  has been shown that cruce 'reph:ations of (copper, zinc\- 
thionein (atomic ratio Cu:Zn = I:?) fro= 1-8 day old pig liver, 
yield zinc-thionein as a single zolecular species on preparative 
electrophoresis (63). No evidence has been obrained, however. 
that the hepatic content of rltochondrocu;:ein in newborn p i p s  
is related to the tissue content of ~ n z *  (t3). Such a relrtion- 
ship might be expected if tn2* either prevenzs the polymerization 
of copper-thionein to mitochondrocuprein, or plays a role in The 
merabolism and elimination of this insolutle protein from the 
liver of the newborn. 
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The validity ofderiving ambicnl air quality standub or levels via lhrahold level vducr(TLVs) 
ir ascscd via two mctbodololpa: ( I )  using cumnt U. S. nandards for ambient air nrndardc and 
occupationd nrndarbr whcm  he data bau is very r o b w  and (2) using b r i m  mupationd and 
community PII nnndarbr w h m  the standards an based on e x ~ n r n m u l l v  derived Ioaicologid 
endpoinu. 7 b c  andy.sis inincaws that the TLVdnived app&b wing ~ ~ ~ 1 4 2 0  and the 
priatc avenging time is in wide disagmrnent mth both rzlidating I U c t b o d o l ~ ~ .  C 1916 A- 

0 INTRODUCTION 

Many states have initiated an anempt to develop "air toxics" regulations in the 
absence ofa nationwide program on the federal level. Given the recognition that low 
concentrations of dozen; ofagents exin in ambient air, many statG are opting for 
generic approaches to deriving acceptable air quality levels. While there are a number 
of variations, the basic panern is ofien the same. This embodies the delineation of an 
ambient air quality standard (AAL) via a conversion of Ihe industrial threshold level 
values (TLV) as derived by the American Conference of Governmental Industnil 
Hygienists (ACGIH). Since the TLV is based on prrdicring the health of occupationally 
exposed persons it usually assumes that exposures are confined to a 40-hr work week 
he.. 8 hr per day. 5 days per week) over the Years 18 through 65. Since ambient 
exposures entail 168 hr exposure each week (i.e.. 24 hr per day, 7 days per week) over 
an entire lifetime (i.e.. conception todeath). Various proposed modifications of the 
TLV have been proposed in order to make it more relevant tothe ambient condition. 

That an occupational health standard should be applicd for deriving ambient .. . . air 
s tazards  is highly controversial and not uniformly acccpia-Nevertheless. it appevr 
that many state regulatory offices have adopted w h a m d e l y  considered a "pragmatic" 
approach. Since over 500 TLVs exist and have gone through a form of peer-review 
process and since the cost of doing each agent separately would be enormous. they 
have opted for some type of generic TLVderived ambient standard regardless of  the 
toricologic~ "correctness" of using TLVs for this purpose. 



56 EDWARD J. CAUBRESE 

In  practical terms what frequently occurs is that the proposed ambienl Mndard is 
some fraction of the TLV. For example, it is common - for TLVs to be .. ditlded by 4 e o r n ( T L V / 4 ?  or TLV/420), based on dinding the 40 hr per week exposure by 168. 
which yields 114.2. and then applying either a I0 or 100 safety factor. OLher modifi- 
cations ma) exist if one also wanled lo amonizc life span versus working years or 
respiration rate of children versus adults. The prcscnt paper is designed lo offer two 
independent attempts t o  evaluate the validity of the generic approach using a TLV 
conversion fanor for deriving A&. 

METHODOLOGY I 

The firn auempt in considering whether dividing TLVs by 420 or some other value 
is valid is to awss what would be the ntio for agents where there is an enormous 
reservoir of toxicological and/or epidemiological data exining for both occupational 
and environmental (i.e.. community) exposures. Take for example, SO2, 03, NO?, 
CO. and Pb for which the United States has both national occupational and ambient 
air quaiit!. nandards. If one were to use the TLV of each o f t h ~ e  agents and divide 
by 420, how clox would the value come 10 the ambient standard afier adjuning for 
average periods? Would it underpredin or overpredict the value and by how much? 
As &n be seen in Table 1, the methodology of dividing -- the TLV by 420 now is 
consistently more conrervativc or protective . @an that derived from a n d  dam. For 
example. the ambienl SO* standard for a 24-hr avenge of 365 mglm' is about 111 3.6 
of the occupational standard and not 11420th of the value! Then. if one employ the 
current "know" pollutanls to validate the proposed methodology, ir would show thal 
the TLVI420 approach is consistently more protcnive than current standards for 

' 

which large data bases exist. 

TABLE I 

CO~[PLRISOX OF n v ~  AND AMBWT AIR QUW ST~mmrn IN TUE u h m ~  

TLV Ambient ~ n d r r d  Ambient TLV ntio 
-- -- 

I '  
CO 50 ppm (-55 mum') 10 mum' (8-hr m u )  

I 
2 ppm (-5 mum') 365 d m '  (24 hr) - 

13.6 ~ ~ 

N G  3 ppm ( - 5  mum') 0.100 mUm'   an null) 

Pb 0.15 mg/rn3 1.5 rum' (monlhly) % "I" F J  

h'o,~. Thir uble is an snernw to wmpue the U. S. ambica a n d u b  with the TLV m u n t e m .  
This -nu a cornpison oilbe B-hr m u  uilh the TLV. 

'This mrcvnu a comDariron of a alculatcd 24-hr avr via the C W R  model uilb the TLV. ~ 

' ~ t o k r n k  (1  912) ari&au. 
dW rrprcvnu a rnrnpari=n of a alculatd ?4hr avc via lhc C R m R  model mth the n V .  
'Thir. r r p s n u  n mrnpuiwn of h e  annualid ambient sundud with the TLV. 
1 ~h i r  r r p s n u  a wm-n or the monlhly ambient sundad with the TLV. 
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METHODOLOGY 2 

Another way to try to judge the validity of the prop& TLVdcrived M L  me*; 
dology is lo consider the relationship of the AAL to the TLV ajuivaient standard in 
countries where a large number of bath standards arc available and where the data 
are based on toxicologically derived endpoints for bolh types ofstandards and no1 on 
a TLVdcrived methodology. The country with the mon available standards for com- 
parison is the So%iet Union. 

The Soviet approach to setting acceptable exposure limits for occupational and 
ambient air pollutants has been witten about in some dep* in U. S. toxicological 
journals by bolh Soviet and American scientiN [see Calabrerc (1978) for a review]. 
The approaches used for standard sening by both countria are generally similar when 
i~ c o m a  to viewing the AAL in relationship to TLV [or maximum acceptable con- 
cenuation (MAC) as the Soviets call them]. Bob countria rccogaLc rbat the workplaa 

TABLE 2 

CASES WHERE THE AMBIEKI S T M U I D  W THE S O W  UNlOH GRFATEU TH*N 
114201b OF THE Q x w ~ n o ~ a  HWTH STANDD 

Fnnion ofthe oxupauonal 
h d l h  rundud 

3. Sulfuric acid 
4. P h W c  anhydride 
5. lead 
6. trbon monoxide 

- 7. Benzene 
8. M a n p c r c  
9 ,  Hydlvgcn cyanide 

10. Chlorine 
I I. Memry,  d l i c  

-12. Ethylene oxide 
13. NQ 

.14. Trichlor&ylcnc 
IS. Ha 
16. Amone  
17. Fyridine 
18. AcruIcin 
19. Hydrogen fluoride 
20. Toluene 
21. A d c ~ d  . 22. Formaldchydt 

. 23. Arsenic 
24. Mclhyl alcohol 
25. Ammonia 
26. % 
27. Furhid 
28. E~hanol 
29. Xrlcnr 
30. h'iuokrucne 



TABLE 3 

31. Pbenol 
32. Cblorobcnzene 
33. T h y d r o f u n n  
34. Ropy1 Jcobol 
35. Aniline 
36. Amy1 a w e  
37. Hydrogen rulhdc 

standard is designed to prottn a worker from an Ehr exposure for 5 days per week 
for 50 weeks per year b e w a n  fhe normal uurk ycan of 18 to 65 years of age. However, 
an AAL must protea the general public bcludiq h e  young and aged persons at 
enhanced risk due to p r x i ~ n g  diwases such as mpiratory illness, and others. Con- 
wuently, the AAL will be a much lower n u m b  than the TLV (or MAC). The 
principal difference b e w a n  the two counuies r e k s  to  what is termed an "adverse 

. 
health cffecl." The Soviets consider any pbpiolojcal/biochemical deviation from 
normal as unacceptable. Howevcr, the United States nay \iew cmain initial alterations 
(e.g., enzyme induction) as indications of an adaptive rrsponsc. The net mul l  is that 
Soviet standards for both MACS and AALs arc o k n  cansiderably lower than their 
U. S. wunterpan standards (Izmerov, 1973).' 

Regardless of these differences, the ratio of AAL to  TLV should be comparable 
bcnveen the two counuies. This is one reason why it is deemed of great interm to  ut 
u, what extent the Soviet AkL isa mathematical rekionship oftheir MAC. In addition 
b e  Soviet AALs arc actually tad on experimental mdia usually with animal models 
focusing on rhe mon sensitive biological paramaen such ar olfactory r c s ~ ~ n u .  c q m e  
alterations. etc.. along with 0.3- fold den.  faaor d m  from the no effea level. 

In the present evaluation. 114 So\let AAh w m  obtained. From this total. fom- 
three 24-hour average AALs with corresponding hL4Cs [i.e., 8-hr maximum (not time 
weighted)] values (Tabla 2 and 3) were compared. The remaining 71 AALs were not 
compared because ofa lack of available MAC, no 2Ahr average value, ev. The rcsulu 
indicated that about 70% (30 of 43) of the AAL had values that were considerably 
tigher than the 1/420 TLIr methodolog)., fhinrr, of the 43 agents had value much 
lower than the 11420 TLV p r o p o d  methodology. The tad variation was enormous, 
k ing from 115 to 1J16.800 of the MAC! The toxkolopjcal basis for such difkrentxs 
k known from the U. S. Literatum for but a few of these agents. Ne\nenhelm. it is 
knoun that t h c ~  values are experimendy derive2 and not just a numerically con- 

It should be noted tha~ v c  u. nor W n g  mnpluoir -?> tbe p m p d  wdards. 
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jeclured value. This behng the case. it calls into qucition the generic approach which 
m a t s  all agents in a similar manner. l r the  Soviet approach were a g d  model. it 
would suggcst that the TL\'/420 methodology would ofien bave much "unneeded" 
safety built in, whhle at other umes not enough. 

DISCUSSION 

The two independent atlempu to validate a currenuy in vogue mnhodology for 
deriving AALs from TL\'s indicate potentially uriousproblems. The,U. S. &la, bavd 
on our current ambient air standards. suggcsf thar the TLVl420 mnbodology may 
grossly overpredict risk while the Soviet data imply that this methodolm may grossly 
under and/or overpredict risk bared on the agent. While any generic approach would 
be cxpened to be somewhat o f t b e  mark and on the conservative side. the magnitude 
ofthe potential inconsistencies is so large as to seriously question the validity of this 
approach. Clearly, funher ancmplr; to asses the validity of this and other generic 
approaches to establishing public health-based AALs are needed beforesuch sundards 
become adopted in numerous states. 
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I INFLUENCE OF TOTAL DOSE AND DOSE RATE 
I N  CARCINOGENICITY STUDIES 

I Neil A Littlefield, David W. Gaylor 

Dep? iment of Health and Human Services, Food 
and Drug Administration, National Center for Toxicological 
Research, Jefferson, Arkansas 

INTRODUCTION 

Chronic toxicology studies for the determination of carcinogenicity are 
usually conducted by administering the agent t o  the animals in  their feed 
or water at calculated concentrations fo r  specified lengths of time. These 
studies often include sacrifice intervals in  which part o f  the animals are 
removed from the srudy and an examination made at some interim point 
in  the lifetimes o f  the animals. These studies are generally terminated around 

' 

the average lifespan of the animal species on study. At the terminal sacri- 
fice, the animals are killed and microscopic histopathological examination5 
conducted. Estimates o f  risk are calculated on positive studies based on the 
concentration of the test agent i n  the feed or water o f  the test animal. 
Almost always, studies are conducted in which dosages are administered 
ad libitum and continue unti l  the time when the animal i s  removed f rom 
the study. One element o f  the ED,, Study (Littlefield et al., 1980), a study 
performed t o  determine the possibility o f  determination o f  the effective 
dose o f  a carcinogen at the 1% level, contains groups of animals that were 
dosed for specific periods of t i h e ,  after which the carcinogen was removed 
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This provided daro 10 comparc the reialive effects on Carcinogcniciry o f  dose role versus 
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Animnls receiving similar rorai doses bur over a diflerenr lengrh o f  rime (dlfferenr 
dose rarrs) were rompored 01 the 18. and 24mo socrificcs When rhc torol doses were 
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removed from the feed and the animal Has subsequently held for additional 
time periods prior to sacrificing. Since concentrations of the carcinogen 
were determined analytically in each batch o f  feed and feed consumption 
was measured, the data are available to study the effects of dose rate, or the 
dose schedule, using several different groups o f  animals having different 
dosing periods, but were sacrificed after the same lifespan. The purpose 
of  this paper is to examine the influence that the dosing regime (i.e., dose 
rate and total dose) may have on the relative results of a carcinogenicity 
study. 

METHODS 

The complete methods, results, and analysis o f  this study are found in 
Littlefield et al. (1980). The experimenul-design w i t h  respect to  numbers 
of animals sacrificed at each dose level i s  shown in Table 1. For the pur- 
poses of  this paper, serial treatment groups are used. BALB/c female mice 
were dosed at 0, 60, 75, 100, and 150 ppm, in the feed, commencing as 
weanlings, for 9, 12, 15, 18, or 24 mo, then sacrificed at either 18 or 24 
mo. The carcinogen in the feed was 2-acetylaminofluorene (2-AAF). The 
average total dose in milligrams 2-AAF per mouse was determined using '"* ach group of mice that was sacrificed and was calculated from the food 
consumption data recorded on each cage -weekly. The total dose used in 
the results was based on the average dose per mouse per cage, since some 
animals in each group died prior to sacrifice. The target concentration was 
used in the calculation and the total dose was calculated by multiplying 
the concentration in ppm by the food consumption. The NCTR mouse 
feeder (Hunziker, 1975) was used. This feeder has been shown to prevent 
spillage at a rate consistently less than 1%. 

Models for estimating liver and bladder tumor prevalence rates are, 
respectively, 

TABLE 1. Number of Animals Sacrificed ar Each Dose anC Time InrexaI 

Tine of sacrifice (mo) 

Time on dose (moi 

Dose ( p p n )  9 9 12 12 I S  IS 18 24 

TOTAL DOSE/ 

where PL i! 
at 24 mo, i 
valence) at 
the average 
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RESUL 
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Ice rates are, 

IniPL + 0 .5 )  = 2.1236 + 0.004175r + 0.00330d 
PL = -0.5 + exp (2.1 236 + 0.0041 75r + 0.003330d) 

In(P, + 0.5) = -1.8426 + 0.00014331r3 + 0.01 1020d 
P8 = - 0 . 5  t- exp (-1.8428 + 0.00014331r2 + 0.01 1020d) 

where PL i s  the estimated percent o f  animals with liver tumors (prevalence) 
at 24 mo, PB i s  the estimated percen! o f  animals with bladder tumors (pre. 
valence) at 24 mo, dose rate r is given as pprn 2 -AAF ,  and total dose d is  
the average milligrams per mouse of 2-AAF. The'constants in  the exponents 
o f  the models were obtained by the method of least squares. 

RESULTS 

The average total dose received by the respective dose groups of animals 
and the prevalence o f  liver and bladder tumors are shown in Table 2. 

There are several comparisons that can be made from Table 2 ,  in  which 
animals received a similar total dose but a t  different dose rates. For 
instance, mice that received 160 mg 2-AAF at 75 pprn over 24 mo can be 
compared to another group that received 153 mg 2-AAF at 150 pprn for 
12 mo. Both groups were sacrificed at 24 mo. The prevalence o f  both liver 
and bladder tumors were higher in the group receiving the higher dose rate 
for 12 mo. Mice dosed at 60 pprn (128 mg 2-AAF) for 24 mo had the 
same liver tumor prevalence but a slightly lower 'bladder tumor prevalence 
than a group dosed at 100 pprn (133 mg 2-AAF) for 12 mo. Two other 
groups (97 mg 2-AAF over 15 mo at 75 pprn versus 100 mg 2-AAF over 
12 mo at 100 ppm) showed essentially the same results. However, 2 other . 
groupings (78, 77,  and 76 mg 2-AAF over a dosing period o f  15, 12,  and 9 
mo at 60, 75, and 100 pprn, respectively, and 61 and 57 mg 2-AAF over 
12 and 9 mo at 60 and 75 ppm, respectively) showed somewhat incon- 

@ 
sistent results in the liver tumors, while no bladder tumors appeared in  
these groups. Al l  of the groups already mentioned were sacrificed at 24 
mo. 

Comparisons that were made i n  the animals sacrificed at 18 mo showed 
a lower prevalence in the liver tumors, since this lesion was a late-developing 
tumor. However, the results in  bladder tumors showed some consistent 
trends. The most prominent example was the two groups having a total 
dose of 148 mg 2-AAF (100 pprn for 18 mo) and 149 mg 2-AAF (150 pprn 
for 12 mo). The prevalence was 4% in the group having the 100 pprn dose 
rate, and 22% in the group having a dose rate of 150 ppm. Two other groups 
( 1  13 and 114 mg 2-AAF for 18 and 9 mo at 75 and 150 ppm) exhibited a 
prevalence of 1 and 6%, respectively, while 3 other groups ( 74 ,  75, and 71 
mg 2-AAF over a dosing period o f  15,  12, and 9 m o  at 60,  7 5 ,  and 100 ppm, 
respectively) showed bladder tumors appearing only in  the group dosed at 
100 ppm, which was the highest dose rate. This was also noted in  groups 
receiving 91, 94,  and 97 mg 2-AAF,  and another grouping receiving 60  and 
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T A B L E  2. Total dost (mg 2-AAFiMouseI and Svbrrquenl Prevalence of Liver Tumor m d  Bladder 
Tumor for BALB/c Mice 

Month of sacrifice 

- 

Months d o w d  

Dore (ppml  Pa.amrter 9 9 12 12 1s 15 18 24 

150 Total dose 114 116 149 153 186 195 224 316 
L~ver t ~ m o r .  7: 6 27 3 31 6 31 6 43 
Bladder tumor, % 6 18 22 2 4  34 39 51 77 

100 Total dose 7 1 76 97 100 127 133 148 211 
Lwcr tumor, % 2 14 0 IS 2 17 5 30 
Bladder tumor, % 2 0 2 3 0 3 4 16 

75 Total dose 56 57 75 77 9 4  97 113 160 
Llvcr tumor, % 2 I S  5 19 4 16 2 20 
Bladder rumor. % 2 0 0 0 0 0 1 1  

60 Tora dow 45 45 60 61 7 4  78 91 128 
L~vor tumor, % 1 12 1 9 2 13 3 17 . 
Bladder tumor, % 0 1 0 0 0 0 1 1  

a 6 mg of 2-AAF, i.e., the higher prevalence was noted i n  these groups 
in which the higher dose rate was given over a shorter time period. 

The general concensus of these comparisons shows the liver tumor 
data as not consistent over all ranges, but does exhibit a trend toward 
a higher prevalence associated wi th the higher dose rates. The bladder 
tumor data were more consistent in this respect. When the total doses 
were similar, the higher dose rates for shorter time periods induced a 
higher prevalence o f  bladder tumors. 

The total dose was calculated fo r  each treatment group. The respec- 

F I G U R E  1. Re;z:~ons;ip 07 tolal dosc, dose rate. and incidence of hrpalocel!ulrr carcinoma in 
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FIGURE 2 Relation of total dost, dose rate, and incidence of  bladder tumors in mice sacrificed at 
24 ma. Number indicates jmonrhr doscd)/(months at sacrifice). 

tive prevalence of hepatocellular carcinoma for each of these treatment 
groups was determined and the resulting data are shown in Fig. 1. The 
total dose (mg 2-AAF/mouse) is compared against the prevalence ar the 
24-mo sacrifice. Those groups dosed at higher rates, but for fewer months, 
have a generally higher prevalence than those receiving similar total doses, 
but at lower rates for more months. Therefore, the dose rate appears to 
influence the prevalence of hepatocellular carcinomas irrespective o f  the 
total dose. For example, mice receiving a total dose o f  153 mg 2-AAF over a 
period o f  12 m o  had a prevalence of 31% hepatocellular carcinomas, as 
compared to only 20% i n  mice receiving a total dose o f  160 mg 2-AAF over 
a 24-mo period. 

For bladder tumors, the same effect is noted in Fig. 2. A dose-rate 
effect i s  verv evident. i n  that the animals receiving the same dose but over a 
shorter time'interval had the higher prevalence of bladder tumors. 

DISCUSSION 

The data presented indicate that under the conditions of this study, 
both dose rate and length o f  exposure (total dose) influence the carcinogenic 
response. Animals dosed for 9 or 12 mo and sacrificed at 24 mo had a much 
higher prevalence of both liver and bladder tumors than a group given a 
similar total dose for 18 or 24 rno. This has important implications related to 
choices of experimental designs, especially in  quantitative carcinogenesis 
studies designed for calculation of risk. For instance, 160 mg 2-AAF ad- 
ministered over 24 mo resulted i n  a 2006 prevalence of liver tumors, whereas 
approximately the same total dose of 153 mg given for 12 mo (i.e., at twice 
the dose rate), wjth the sacrifice at 24 mo, resulted in a prevalence of 31% 
liver tumors, a 55% increase in  tumor prevalence. Higher dose rates for 
shorter periods of time appear to be more effective for producing positive 
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results than lower dose rates given over longer periods of time. This also 
supports the concept that smaller numbers of animals at higher dose rates 
could be used to obtain significant results. Also, in view o f  rhe high cost . 
o f  conducting toxicology studies, costs could be reduced by dosing the 
animals for the first 9 to 12 mo, then merely holding them unti l  sacrifice 
at 24 mo. This would eliminate the cost of diet preparation and subsequent 
chemical analysis and diet monitoring for 12-15 mo. However, this reduces 
the chance of detecting tumors compared to using the higher dose rate for 
24 mo. Also, dose rates are limited t o  the amount that animals can tolerate. 

The amount o f  data in the literature in which total dose can be com- 
pared with dose rate is sparse. One study, conducted b y  McCornick e t  al. 
(1981), gave a total dose by intragastric instillation of 30, 20, or 15 mg 
tJ-butyl-N-(4-hydroxybuty1)nitrosamine in 20, 10, or 5 weekly fractions. 
These data showed that the doses given in  the 20 veekly fractions were 
more effective in  producing urinary bladder cancer than those given in the 
5 weekly fractions. Although it is not clear whether the 5 weekly fractions 
were given in the first 5 wk or evenly spread throughout the 6-mo study 
period, these higher dose rates did not produce the same results as the 
present study. Although the reason is not clear, it could be due t o  a chance 
for recovery with the five fractions. 

Druckrey (1967) stated that the total dose needed to produce cancer 
i t h  small daily doses over a long period is  not greiter, but significantly 

smaller. Carcinogenic action goes considerably beyond a pure "summation 
action" and increases with time. Druckrey theorized that time is inversely 
proportional to dose. Druckrey showed that the tumor rate decreases when 
the t6;al dose o f  diethylnitrosamine i s  spread at lower doses over a longer 
time. I n  the study reported here, all animals were sacrificed at the same 
time, therefore, time i s  not a factor. 

Another factor that possibly had an infleunce in this study i s  that in 
many insiances young animals are more susceptible t o  exposures of car- 
cinogens than older animals. Therefore, since the higher dose rates were 
administered to the animals during the first 9 or 12 m o  o f  their lifespan, 
They might exhibit the higher prevalences. 
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The inhalative toxicity of differ'snt cadmium 
compounds in rats* 
H. OLDICES and U. GWER 
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Absuact. In a long-term inhalduon study. male and <<male W'israr nu were continuously exposcd to 
submicron aerosols of CdO, CdCI,. CdSO.. CdS m d  a CdO!ZnO combination. For chronic 
exposures it was shown that a t  aerosol levels cqual to and above 90pg;'m.' Cd, even the less soluble 
cadmium compounds (CdO and CdS) were toxic and lethal, es?cdaliy t o  male rats. No monalirywas 
seen in the group exposed to the ZnOiCdO combination. Our r~d!.suggests that inhalative toxicity 
of cadmium compounds may bc related to lung retention of  bioavilable cadmium. In a short-term 
inhalation study we found that the lung retention of cadmium was wo times higher after exposure to 
C d O  than to CdCI,. The lung and body burden ofcadmium discred by a factor of ten between C d O  
and CdS. The reasons behlnd these results arc not yet fu!ly undentood. 

Key words: cadmium compounds - inhalation - retention - toxiaty - Wistar rats 

It has been shown from long-term inhalation studies 
that cadmium chloride induced primary lung tumors in 
\Ustar rats, and that the incidence of hung tumor was 
strongly dependent on the cadmium aerosol concentration 
[Takenaka et a1. 1983, Oldigcs et al. 1983. Oldiges ct al. 
1984). It was therefore logical to examine whether other less 
soluble cadmium compounds t o  which human k ings  are 
more frequently exposed have the same carcinogenic 
potency as cadmium chloride. 

Material and methods 

In d long-term inhaldrion study rats were exposed to 
cadmium aerosols cons~sting of cadmium chloride 
(CdCI,), c ~ d m i u m  oxide (CdO) as dusts and fumes, 
cadmium sul:;lte (CdSO,), and cadmium sulfide (CdS). 
Another group of rats was exposed simultaneously to dusts 
cons~aing o i  zinc oxide (ZnO) and cadmium oxidc. The 
rats were ex?osed in 2251 horizontal flow inhalation 
chrrnbcrs. Tu.0 wlre mesh cages \;.ere placed in eath 
charnbcr 2nd each cage contained 10 rats. 

Pracn!:r! L: r'r Founh Syrnporturn on T:rrc Elrmcnts. .\pril 25th. 
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The aerosols were generated by several different 
systems described previously [Hochraincr 19833. The aero- 
sol flow-rate was 8OVmin. The pamcles of the cadmium ' 
xrosols were in the submicron size range and had average 
mass meclum-diamc:ers ranging from 02  to 0.5pm. The 
panicle size disuibudons and the cadmium aerosol 
conccnuations wcre measured as described elsewhere 
[Oberdorster et al. 1979). 

Five weekold inbred Wistar rats (TNO-W-75, SPFj 
werc used For each aerosol conccnuation and for each 
cadmium compound there were 20 female and 20 male 
rats, purchased from F. R'inkclmmn GmbH. Borken. FRG. 
40 animals breathing filtered air wcre kept as controls 
Fable I). The inhalation laboratoy is an air-conditioned 
room with 12 hrs dlylnigbt cycle. The animals received 
drinking water ad libimm. T o  keep the cadmium uptake 
from food as low as pssibie the ~nirnals were fed with a 
Ssniii pellet diet b tveen  2 p.m. and 8 a.m. The rats were 
continuously exposed tb; 22 hrs a day, 7 days a week. As in 
the p:evlossly.ripoi..ed exerimcnt the exposure time was 
to be 18 months and thc srudies were to be terminated in 
the 31s; month, th2: bc1r.5 t ie meln sunival lifespan ofthc 
i t r i c .  

To o h : n  morc inform~ricn about the lung deposi- 
rion ~ n c  r:ter.tion oi:h: C.;i'er:zr c ~ d m i u n  compounds. 
ihon-tcm inhalation jtcdics ,with 100ps'm' Cd  as 
cadmium ch lcde ,  IC3lgn' Cd as cadmium oxide dust 

Corrc5ponJrs.r ro Dr. Oldl~nr. and i m g m '  Cd as c ~ d m i t m  siritidc were pcriormed. 
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C l u u r  norn~nal  retosol mcarurrd du ,a~ ton  oi rnonaltn 
Z r. ~onrrniri~ion ~on<mtralrw rhr uudv rrpolsrc ~ncldtncr  

( ~ ~ , r n c i a I ! m ' l  (~~g 'mrr r lbm' t  I d a v % ~  (davs j  

343 - 1/20 I I CDnllOIl CL? - 
343 2 I conito!l FC - 0'20 

1.1 CdCI, C 2  30 20 = 5 2 i 5  255 0/20 

I CdCi: PC 30 20 = 4 --. 253 0/20 7<4 

i 1 CdCI: d 2  90 91 = 14 4A 1 160" . 0 '10 

b~ CdCI: PF. 90 9 2 5  I? 24 I 180' 1 .'20 

I CdO dull <I 30 30 I 4 343 34: 0 20 

F I CdO d u n  FC 30 26 z 4 343 34?, 0 '2fl 

I CdO d v r ~  2 2  90 90 = 9 343 218'' 6:20 

I ( ,  i CdO dus t  FF 90 81 5 8 343 324" b '20 

! ; I  CdO ZnO dust\  de 901") 102 z 20!~;i z 106 374 3T1 0 '20 

1:. 1 CdO 'ZnO duru Q ?  90'900 103 = 20'949 2 136 3-4 374 0!20 

1 ) )  CdSO; C Z  90 95 = 14 455 413' 6i20 

I: i cdso. F.F 90 9 2 +  1 3  cr 455 1/20 

1 5 1  CdS C 90 91 = 17 40P 409 1/20 

l c l  CdS C t  9U 92 = 20 A02 402 0:20 

1'1 CdS 22 270 254 = 78 A09 409 3.'20 

1E.J CdS Q P  270 263 1 75 409 409 2120 

19.1 CdS US 810 843 1: 21 1 409 208 6!20 

20.1 CdS Q F  810 841 = ZO? 402 298"' 7/20 

21.1 CdS UU 2430 2270 rt 545 112 l l z b ,  5/24 

22.1 cds  Q F  2430 224) 2 543 105 105b' '4124 

25.1 CdO-icmc in - 10) d Z  10 10 1: 3 243 243 0;40 

14 I CdO.fumc ( n  - 401 28 30 31 ' 4 243- 249 0140 

rl The planncd inhalatmn t;me nr 180 drys 
bl exposure tnlenup~cd due io morr than 2 5 %  rnonal~I? 

A higher concentration of cadmium sulfide was cho- 
sen bccausc o i  the v e n  low s o l u b ~ r i ~  of this compound. 
Groups o i  sis fi\,c-week-old male rats were continously 
cxposed t o  the cadmium aerosols for one month  under the 
same condirions as described above. After exposure each 
parallel group breathed filtered air for a funhcr nvo month 
period before being sacrificed (using urethane anrsrhesiat. 

Since there were no results in thc literature reerrding 
rhc Ions-term lnhala~ive tosicin. o r  cadmium compounds 
mhe: t h ~ n  our own wjth cadm~um chloride, u.c chose h:f- 
h-r ; . idrn~un acroso! concentration icr c ~ d r n l u m  sulFate. 
csli: 2nd i;itldc, because oftheir lo\ver solub~li t~es.  Hove.  
YC:. In some idses thc chosen aerosol concentrJtlons were 
:o$c rosrc 2nd those esrosures wcre rtoppcd. For these 
groups m o z ~ l l r y  occurred trithin a ie\v weeks, su!qcsting 
t h r  ihrre 1s J cnrical l e t h ~ l  concenrr~tion.  This tosicit!. 

(Table 1) u,as not apparent earlier,cither through the regular 
checks o n  weight p i n ,  food and water consumption, or  by 
hematological cxarinations. Gross necropsy of the dead 
animals revealed increased lung ucights and enlarged 
thoracal lymph-nodcs. Elevated liver u.eipha were found 
only in the rats exposed t o  the highen cadmium sulfide 
aerosol concentiatron (2.1rng/m? ~ d i  iTabIe 1). S o  furthcr 
monality occuned aner termination oicadmium exposurc 
in those groups which had shown increased monalio. 
incidence. The weight gains oi ' the suriivins rats were 
similar i o  those of the contrdls'. The selected cadmium 
aerosol concentrations of the diikrent cadmium com- 
pounds and the avail~ble rcsclrs 1T;bIe 1) shsw that at 
SDpg,n, C d  or higher. cadmium a a r  rosic as an oxide. a 
sulfaie or 3 pliide.especially to the male n t s .  There was no 
Icthalin ot'sened in the cadmium zinc combination 
group. Cdljmlun: r ~ i s d e  p r o ~ e d  to he toxic with a cicdr-cul 
aerosol concentr~!ion dependency 

In  an e~r l i c r  tsyer,ment \ve sho\\.ed that c ~ d r n i u  a' chloride ,'croscIr h;? r lung cle~rdnce halt'liie ofabout b 

dzyr /Ohcrdi,rrrc: c: ~ i .  1980). The~resuirs o i  this study 
sho\ved rh.11 thlr r - s t  he t rue  for c~drniurn oxide and sul- 
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fide aerosols as well (Figure 1). This t i p r e  shows that conti- 
nuous exposure to submicron cadmium aerosol as C d O  
resulted in a cadmium retention in the rats' lungs nvo times 
h ~ s h e r  than for treatment with a cadxiurn chloride aerosol 
o i  the same concentration dnd panicle size. Exposure to 
the less soluble C d S  aerosol also resulted in a lower C d  
rerention in the lungs. In dddition to the resulrs for o d -  
rnium retention in the lungs, Figure 1 $ves the cadmium 
distribution found in the kidneys and livers. It is evident 
that cadmium exposure as cadmium sulfide, although ten 

times higher,rcsultcd in the same cadmium body burden as 
for the exposure to the C d O  aerosol. This was observed at 
the end of the 30day inhaldtion period and at the end of 
the  subscqucnr observation period. These results support 
the av~ilable results of the long-term inhai~t ion study that 
in addit~on to the soluble c a d m ~ u m  chloride aerosols, the 
subrnicron Cd-aerosols of lower solubilit~es are just as 
bioavailablc and just as toxic to experimental animals. 

Discussion 

Several authon suggested that in some occupations 
cadmium aerosols may be a carcinogenic risk [Lemcn et al. 
1576, Kjellstrorn et al. 1979). Recently it was demonstrared 
that lonptcrm exposure ofexpenmental rats to subm~cron  
aerosols of cadmium chloride induced primar). lung 
tumors at evcn low exposure level [Takenaka et al. 19831. 
But presently there is n o  clear knowledge about the kinetics 
a n d  inhalative potencies o f  other cadmium compounds, 
especially the less soluble ones. Thus a long-term inhala- 
tion study was designed t o  describe the c a r c ~ n o ~ n i c  risk 
from C d O  dusts and fumes. CdSO., CdS and a C d O / Z n O  
combination. But in relation to CdSO,  as well as the water 
insoluble compounds C d O  and CdS, it was shown that 
aerosol levels equal to or higher t h m  90pg/m2 were toxic 
and lethal to male Wirtar rats. Epidemiological data of.  
Princi (19471 and Teculescu and Stanescu [I9701 did not 
reveal any symptoms of toxcicicy after inhalation o f  C d O  
and CdS du% and fumes at evcn highcr exposure levels. 
O u r  findings concerning toxcicity o f  these C d  compounds 
have been confirmed by short-term kinetic studies. Hadly 
e t  al. [I9801 found that C d O  instilled inrratracheally 
rapidly translocated to the liven o f  rats. The results o f  C d  
retention in this s r d y  confirm that C d O  was slightly more 
avail~blc to the lungs than CdCI:, while C d S  retention was 
lower. The reason for the observed differences in behavior 
o f  the various cadmium compounds should be examined 
in iuture studies. 

U'r ~ h r n k  Dr D. Hoch; r tncr .  X l r .  R. 5th" ~ n i  I.  Shrnid: ia! 

;:ne:rrlng rhr ~ r r m o l  r n i  ior \upennlr.S tkr i n h ~ : ~ : : @ n  crpcr!rnen!r. 

DT H. Klopp~I tbr rhc rn~ l r r ls  o i ~ : d ~ : ~ ~  :an.<n::i:mn$ in ihc ti::r:i 

:n2 orglnr i n i  i l r  L B.,chor: \ l r$ .  \t D:Aer, I. G::,:? m i  \V. RL~:?  
:a ,$,:':,5.c. 
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~ ~ o x i c i t y :  A M,acromolecul ar Binding 
of Cadmium, Zinc, and Copper in the 
Fibrotic Rat Lung I 
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ABSTRACT 

- 

Tclu were cxpoud ro CdO acrourir ior 9 to 13  months a t  LnrL of about iV) ;p CAx'!rn'. 
tdmium..  zinc-. m d  coppcr~conrr~ing protei? f i .c30~1 uri. cata3ed fro.% 1t.e Icnp atd 

-. . k&c;-rui rheic'inimrlr by diwysir and SephGcx gei chromaromphy. The ;rorciw of r2r 
iunp t n d  kidney rhar bind these mculs do not appear to bc idcnrir-l bur t a r e  p r o p e m s  in 
common. For r i ~ c  Anr 9 months ofexporure. k c  rnajoriry of mdai;rm in Cit !uop is bound 
ro a low.molcrulu-arig!~t componcar rcrcabiinp mer+lorhioncl. =.hereas LX kicacys of 

' -- 

r h c x  animals-pouen an addirionrl 30% o i  r t c  avaiirblc ciirr.:um bound ro scwd 
poi!pcpddrs . w i k  molrculu wcigju o i  bewccn 1000 md IJW. A f r e  l ?  a o n t h  of 
c x p m r r .  no mcmliorhioncin.iikr faction w u  obrcwcd in the lung but w u  o b r e ~ c d  i. the 
kiCnrv. Inrre+46% o i  rhc ivaiirblr ivns cdmiurn u.u contiinrd in rhe u i u ~ i l r ~ c c  bound 
to lowr-rnoicmiar-uripbr componcnu. 
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AlL"ough rhc  absorption, dis:r;bution. metabolism. toxicin., and c a c z i o n  of 
cadmium h a s  bccn the sub.iccr of  cxxcr .s i~c srudy,": I c s s ' r c surch  !I= bccn 
conccmcd  w i ~  respiratory dc?osition and su bscquenr mctzao!isx of c a c m i u s -  
contiini-ig dusts.  ac:osois. o r  f u ~ ? s . ' - -  Ho~~~c~:c:, LTC rcia:~oz!i:? 5e:\vccz . . 
e!c?ntcd icvc!s oi cscx;lium in =+c ! ~ n p  ar.5 a u i z o n i r ? .  crr.??.~.s:=a c: :rcx=:t:s 
?.zs b t t n  notc?. !or yc:s.'-!o 
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u.h~cn ro date have been litdc cnarac:::izcd s t r u c ~ t d l y  . . The 
higbmolccular-\\.eight protein-cadmium assoc:auon in espcnmcnrs \r-;:> re. 
pcnred doses h&s bcen posrulat~d as rcprcscatinp exfcss cadmium spillage i:o- 
rhe sequestering n e t d l ~ t h i o n c i n . ' ~  After *.e first day, cadmium is iound in the 
kidney as u-ell as in the liver, again principally bound ro metallothionein. Thcsc 
two o r p s  acc~mula re  the bulk of thc mc:d adminisrered by injcc:~on or t h e  
oral route with VCT linle (about 106) being distriourcd to the lungs.' .i:':s I r. 
one chronic in.',darion srudy, pulmonary absorption uys cdculated as rc?rc- 
renting 30" of ;.ar inhaled. m d  only 10% of the tord cadmium reco\.ered % o c  
ihc lung. live:, and kidney remained in h e  lung.' .' 

This work h u  bcen undertaken to evaluate the lrsponsc of the lung to 
c a d m i u m  oxide serosols sincc studies rcladng exposure KO cadmium u'ith lunz 
discasc have nor been followed by more derailed work directed coward 
elucidating the moleculrr mechanisms of roxicity. Cadmium was measured &re: 
v a ~ i n g  exposure periods and located with respect ro i u  subce!lular distribuuon 
and prorein associadon. Its distribution among chc diiierenr proteins o i  inc lurg 
wu compucd  nich ~ 5 a t  occurring simuluneously in b e  k i d n v .  I t  w u  ex?ectcd 
t h u  inhaled cr&nium would be bound ro some proteins bearing s r m c ; u ~  
similarities ro each mhcr as well u to chose isolared from animals given cadmium 
by other routes. Since a t - lcur  theprotein meullothionein, whether extracrcd 
from rhe liver o r  kidney in a variety of hosrs:'-".". has been dcmonstnred r 
be remarkably similar in amino acid composirion and mcrd binding.. L+ @ 
%sumption sccmcd reasonable. TKs paper presenrs data idcnd+ing rat lung a n t  
kidney cadmium-binding proreins in t e n s  of their molecular weignrs and m c d  

- composiuons at moderarely advanced stages of lung fibrosu as measured by iight 
and clccuon minoscopy. 

MATERIALS AND METHODS 

- - 
Each exPerk~cn&.l  PIOUP WLI ~orn?osed of 15 c o n ~ o i  and 15 e p o s e d  white 

Sonme-Dawiev r r u  (Laboraron. 5 e r r . i ~ ~ )  that we= 3 months old ar -).c 
c o m m c n c c ~ e n t  of the innaiadon cx?erinenrr. Body tieignu conmencea ar a 
mezn of  330 = :O g i 5 D )  a d  weye 5 1 5  = 50 g 'tSDi at 5: s ine  of deat.'.. The 

. . . . . . . . .  . 
L-,;?,zis .,vc:: :.:::ra:nec :n s~~::~~s.srce: :ages :n 2::-zonc::~onea <:zc:.T =r 

. , .. 
5;;ndard !;bor;:sr\. ;.'.o\\. I'Plriza, a.ir.i tap \Vnte: 22 .:5::2m. 

Inhalation Chanben and Aerosol Generation 
. . 

The animli  :xporurc chambers had an inrcmai voiumc of 12  ir' \V:I? z 
conical top ic:d 2nd bottom exit. Thc aerosols \\.ere pencrxted by parsir: 
neiuiized cadmium zcctare through a 600'C oxidation furnace. The eifiucnt 
airmcam rvas iooled by r series of condensers so h a t  the final tcmperaru:: 
cnzcnng thc chimbcr ranged from 35' to JO'C (Rci. 3 1 ) .  The effluent from ine 
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c h i ~ b e :  was passed through an absolure f i rer  before vcn::np. During Lie 
cxroscrr periods. ac:oso! panicles in a known voluz~e of air from tke exposure 
c k m b e r  were  col1ec:cd on hiilliporc fiitcrr for nc:d r?kyscs bv atorzic- 
absonuon spcc~opho tomcuy .  The size dismourion o i  Lie aerosol in h'.. 
c h r ~ b e r  was mcrrurcd W?L? a seven-see Anderren Lipactor equipped uii: a 
47 -km Type M. 0.8-urn .\lillipore backup fire:': (mlrs  median a e r o d y n a ~ i c  
d:&:::c: = 0.15 un. oz = 2.53). Atomieabsor?tion ~ e c c o ? h o r o m c r ~  wrs used 
ro ;?i!7c all sqip-s ior x e - i s .  The chmica! conposiuon of t9e particles ;vu 
vc%7ec by X-ray andysis m d  e!c:con spc:zroscopy for C?cxicd mal!sis 
(ESC.4). In s o ! ~ u o r ~  CdO is insoluble cxc-pr in rhc presence of acids or 
~ r ~ o n i u n  du." 

. - . . . . 

Innzlation Experiments 

T t c  i n k i a d o n  procedures used we= previously csrabiisbcd in k e s c  
Wo;l:o~a."."." Groups of 15 mimais tack w e n  housed uid?i, :ie 
c i ~ ~ b c r r  in c o - - p r . c = r r i b c d  sr;irjczsned n c k s  for Lie d u n d o n  o i  5 e  
c F o r i r c  pe5od. r?:: w5i& they w e n  r c x n c d  t o  r5eir r q u i u  q u x c s  

. . 
E n o s ~ x  ~ e r i o d s  l z t c d  i to 8 hr per &v:5 &ys per w e e k  for a total d u n d o n  - .  . .  
of 9 to 1 3  mon=?s. The mem chc.bc:  conccx..tion !or each e.vosurc ?eked 
s 3 7 . 5  2 7 (SD) pg cd2'lm' ma 282.1 t 95.2 (SD) ug cd2-/n ' .  - 
r~e:5vc!v.  The SLX ncmbe: of conr:oK for crch cr;.enmcar. wc:c 
nl;-.-&ed in- a i r ~ i m r  ak-!ow a p p a n r ~ s  far the o x n u o n  o i  r i e  cx-yri.c-r 
On ;ire basis of a respiratory clca.nnce of 0.01026 m'lhr rimcs r h a u m b c :  of - - 
h x  in r..e chz~be : ,  rhcw w o  Fozpr  have i n h i e d  + 6 0 l T r n d  5487.7 pg -- 
~?:-:r,r. :cso~c:iuciv.'~ At ?uImonav c o n p a m e a t  deaosinon nrcr  of 0 2  t o 0 2  
oi  :>at innaiea rhe c d c ~ k t e d  m o u n t  o i  ~ d : '  de?osircd u.rr 115 1.2 irg ior  the 
B - o n 5  exposu:e m d  1371.9 pg for L!: 13-month expornre. The cadm+~m - 
rccovcrcc from Lie lung was considered a direct rcflecdon of that absorbed after 
dc=orition. wncnr r  kidnev a d n i u m  n-rs etrumed to also indude the fracl;on 
absorixc! af:c: i cg rdon .  T>.e quilibrilrn concencation for &e $9 u u  a h u t  
! :cs c=:- -. per G~TL." Aire: cx?os~re  o i  1; r;ionr:% L+C k* 

R c t ~ n t s  a n d  Glarrnare 

.+.i ;?.c.7.:cis :s:= fc: :=ivsc5 w e ~ 2 i z z ; : ~  0: c: :e2gc=: gr2cc. .A- ..c:::: 
.. .., . 

2 : e a i s  a s  I : = s s x z e  wu boiie: :: i q 2 i  

.-.* . .. , . 
:::;cu.c: j y  s :  i:! Ckci!cl .r.atc:. soar:c= ki 1% c%vrvi - * -v ; - - r  . - . , . . . . 

;I~:.~e::::t;::r:c =cia disacism salt :EDTA), 2nd rinsed again 5 ta iO t i ~ e s .  
3..:icrs -.. i ; o ~ p o s c :  of O.:J.:I ruc:osc and 0.001.:1 2.axi:a?- 

m!.. i:cs~-e:.i!~i~-~.i~~ro~an~dioi (Tris~.  pH 7.;: 0.01!1 Tris. @A 8.2: and 
O.C;L:I S3: CO,. pH ;.:! rrterc prc?ircd on the d;y o i  use. C ~ n c : n t r ~ t c i  s:ack 
so:.:t~ons o i  the mcrds 2nd a11 other solutions u e s  prcjnrcc s prc:.to-s!y 
~ c s ; : i j e d . ~ '  
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:- Metal Analyses 

.C?alysn were p c r f o n e d  on a Perkin-Eker '03 iiornicabsorprion 
scc:=opnorome:e: equipped with a Boli.79 niplc slot burner and an air- 
acerl.'iene f l a t .  Sezsi:iviry of  the ins:=ent for cadmium. zinc. and co?pc: 
>as 0.01 ppm at  1% absorption. The d.-:e:don i i ~ i t ,  unce; the experimentd 
concirions, w u  0.02 q : m I  for d l  three ?e:ais. 

.XI1 mpernrunt  samples were digcs:ed u i h  247; terrmerhylunmoniun 
hydroxide in nerhanol k f o r e  and!.ses. Digerrion required 1 hr at 6 0 ' ~  in a 

. shaiing inorbaror a t  a 1 : j O  (wlv) ratio of synple to base. Reagenr blanks and 
s-mcard cunScs WCK a n d p c d  concurre~i'!.. Exremd standards wcre used. 

Preparation and Fractionation of Time - - --.-- 
With rhc use of a p:mGt&iii;ed r e ~ i n i ~ u e . "  +neshcrized rarr were 

opmcd and ffieir lungs perfused rhr0ug.i t i c  h e m  a i t h  ~ > e  suczose-Trir buiier 
(pH i .4) ro r m o v e  the blood. The lungs urrc drcn uxrhcd 5 rimes u i in  a l b m l  

, .. bc5e t  via cadcd.cr ; lnulaaon to rernovc dveolzr macrophages, lung surficunt, 
and my rcmainine cadmium oxide pardclcs.3'-'bf::r which b e y  wcre 
mippcd of the bronchi, rinsed. weighed. pressed, and homqenizcd (see "Rcsulr., 
and  discussion^). Kidne)l were rinsed. urighed. and oansfcrred d 

7 
coid sucrose-Tds-HU homogenizTrion nedium. Tnc respective organs for each 
expttiGent were pooled before homogezizndon and fractionation. For some 
cnexirnimcnu rhe organs were frozen and stored a t  -?oaC before homoeeni- - 
udon .  - .  

The hornogenizarion and fncdonarion procedure was an adaptation of 
s -adard  mcthodr"3'.'s-.' F o r  each prepanrion rhe o r p n s  from five animals 
w c e  hornogcnired in 5 volumcs of the above-mentioned sucrose-Tris-HU 
buf fa  followcd by centrifugation a t  12.100g for 30 min and 1000.000 g for 6 0  
rain t o  remove the subce3ukr components. The ru;e--aiants from the 
ce?.+ugarion w c e  .ei:hc lyophiiized or subjeccd ro rirrifi1tlr:ation before 
fur..'.- tmtmcn t .  The fiaal super;-;a~r fnczions were usually analyzed 
i n a n ' k e i y  for metair but could be srorei a t  - 1 0 ' ~  u.ithou: aitcntion in their 
mcol  conazmrions .  ' 

1 Ulirriiltrrtion 

C~nccnnat ion to onethi rc  oi L7: cnginzi voiume ivas performed under 
zitroeen a t  30 psi at  iiC in a thin chan-el relamtor e?uip?cd with a Uh1-2 fiitc: 
(noiecuiar ;vcigbt cutoff. 1000). The fii.ai uirr=:'iirrirc izbout :3 mi) \\,as rinsed 
fro= the filter \v~th 3 by l mi buff:: and arp!ied dircc:i;. to the fi:sr coiumn 
(Sepnadex G.75). 

! Dialysis 

Sodium carbonate buffer (0.001.\1), ?H ;.J. was used for dialys,s ar 4 ' ~ .  Tt  
ratjo of buffer to supernatant \\.as matnrancd a t  20  : 1. Thc buifci \r .s c h % n r a  
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rhrce :rmcs during a 2i-hr pcriod. Thc  cc!lulosc diiysis mbing (molecular wcight 
curof!. 3500) u,ls prerrcatca ro rcmovc conruniniring mc:d ions.".'0 k ~ c r  
porc mbing (molccular wcighr curoff. 6000 t o  6000) m s  uscd in a sccond scrics 
of cx?cnxcnrs following the iirsr scncs (see "Rcs-lu and Discussion"). For rhc 
cxpcnxcncai group cxposcd ro CdO ac:osols for 13 mon~?s ,  drc original 
prorocol f o r  didysis was a1rc:cd to include rhc usc of rhc ulrnfiltrzdon 
apparaas ro dialyze rhc supcrnannn.  In chis sc:. afrcr ccnrriiuparion, thc 
soiublc extract was conccarnrcd and rhc ulrra.!!luarc was dialyzcd nvicc in 
succcssion within rhc s m c  sysrcm with approximarely 20 volumes of  rhc buffcr . . .. 
at  50 psi. . . . 

G E L  FILTRATION EXPERIMENTS 

Estimation o f  Molecular Weights 

For chc cst inauon of molecular wciphu of @.c mcrd-bindine proteins. 
. .. 

samplcs'~~c?~'chromarognphcd ar 4 ' ~  on Sc jnadcx Glob. C-100, C-75. and 
G.50 in qolumns equipped wirh flow adapron for ascending and dcsccading 
ch romaro~aphY.  Thc rcspccdvc bcd volumes wcrc: 2:s rnl. 254 nl. 3 i i  ml. and 
4; mi. Tris-HCI buffcn (0.0211. p i l  6.6 and 7.6) were uscd ar flow rates of 6 ro 
30 mllhr dcpcndins on the gcl, m d  fractions of 3 ro 6 mi n~crco i i cc tcd .  
Rcfcrcncc wmpics (about 106 of rhc bcd volumc) wcrc 0.2% in blue dcrrran and 
conraincd 0.2 to 4 mglml cach of two of the rclc\xnr rcfcrcxcc prorcins. Thc 
scvcn rcicrcncc proteins uscd wcrc (1) rhyoglobulin. (2) camiasc. ( 3 )  aldolzsc. 
(4) o\.;lb;min. ( 5 )  ch!motr.psinogcn A. (6) ribonucicase A. and ( 7 )  insuiin. ..\ 
cidmium glurarhionc complex was d s o  used for rhc ~ c ? h a d c x  G-50 column. 
Two ro four rcic:cncc prorcins wcrc fracdonatcd on cicn column prcccdin cach 
filuarion espc::rncnt. A sranaare curve HIS dcrivci f:~m a ?lot o i  lop molcc-!ar 
wc$?r v r  ciu:ion volumes.'' E!urion voiuzes  (Ye! wcr: -oa~;orcC i r  290 and 
25:  sn. . .. 

Bciorc each :.x?c:imc?i ;kc co iuzzs  were ::care= ..vir.i rhc ciut!on Jvr::: 
conralnlnp 10.00!.:1) or:ho.?5=---t5rciizc :o rc?o\-c :o~t=min~:::g ~ c r a :  :ons. 

lsolat~on of the C5:-.air;dinP ?rotcins 
of the Lung and Kidney 

. . .  . ... , ,  
51.7..?1es 0; ;T.: nondii:".s<'jc. ~o~.~i : r i : : : :c r ;~ic  ~~.:;cr;ai fro= ?in5 ,?r k2?.e:: ... 

we:? ;z?i;cc :o i roiurnn p?c:<e= a.~:.'. Sc?%ics C-7:' , ii=: ;r:dc, e2.!:::or::c= 
iu;r O.~l2,\ll 7::s-IiCI bu:fz:. ?H S.O. TL: :i:?:c=r from ::: i ~ : u n x  ..\as 
m o n ~ r ~ r c i  i r  2 5 5 . :  nmlnd co;lci?c.i in 5 .  to j-ni ;ii<c>rs. Simcics~vc::r.~r. !rum 
borton ;o rop 1: i :?ow r x c  ui SO rciihr. .A!! cxpcr;ncnrs wcrc ?cr:or=cd a; 4-C. 

2 4  
The ir~i: ;onc wr:: ;r.iiyzci iar mc:=i i n J  prorc:n s.i.crc nci;rsiry 2nd vcre 
oooicd ~ c c o r d i n r  :o rhc mc:ai-:on elu::on ~ ~ r ; c r > c s l .  Thc ?oolel i:a~.i:ons wcrc 
concenrr~rcd u.i;k'~n u!rr2iiir:;:;on urir c q u i ~ p r d  a1:5 3 U.51-2 or C.\I-1 O iiirer e 
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(de;e?ding o n  rhe moi:?~hr weigh: oi the f:a::ion) before rubscqccr.: 
reapplication on the succ::dingcolcnnr Gel fiitriPon experinenrs conducrr: 
on Sephadex G-SO were performed uiii 0.02%1 porasrium phosphate Suffers. ?:< 
i.4. ,411 fractions that ac:c not concer.::rtcd and reapplied to the ~cceeci r . :  
column(s) wcrc iyopnilized and stored at -2o0C. The results o i  several fiiuatrc: 
experiments wil! be discussed. 

Light Micrmtopy 

Tissue urnpies from h e  two groups of animals (three experimcnrd ini;;.il: 
- and h r c c  connols p;r .&acoj exposed to CdO for 9 and 1 3  months u.e:e I&:.: 

for cvduadon. 
For routine examinations, tissues acre fixed in formdin, embedded i-. 

pani i in  w u .  and secjoned at 8 &a. The sections ac re  stained u12 
hematoxytin and cosin. 

.. RESULTS AND DISCUSSION 
. - 

Occuionally prolifcntive lesions were sc:n in all exposed lungs. These conrinec 
.. - of ~ r n a l l - ~ i ~ i i i o m ~ l i k c  exc:occnces into h e  !umcn o i  :Be t c z i n d  bron:.iiolr 

The). were  lade u p  o i  fibrous tisrde \vkb l ~ m p h ~ ~ ? u ~  in:Tj~it:s. The r k z c :  
was covered by flat :pii;cilzr;.,. Sipir::ult fibrosk of the p ieun w u  abrezr 

. . 
Lungs . o f  the conrroi ns showed :ie csual histoiogic s;rJc:rc u1:co.l: 
?athoiogic ai:ertrions. 

coila~cnous. Xo adiir:onal rign~fican: diiie:e.?c:s were ?rescat. 
The microscopac c.ram~aaPion o i  r!.e kidne:.3 csinp H 5; 5 s:ained scc:;sr.r 

revealed focal inrerstltial n e ~ n r i t b  w ~ t h  rare foci of fibrosis after 9 mon:h 
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Prcvious u,ork in these iabontorics has established L i a r  Jnce animtis a- 
c- to ~ 5 e  aerosols for scve:d we:!~. che ma io r i s  o i  thc cadmium s . 
z-d nirh t h c l c  supernatant of the c c l l s . h f : e r  9 3 o n t f ~ .  ca=miun 

' 

1c:cis b q ~ n  t o  reach a plateau in the lung. The rp?roac?. t o  equiiibriur. - - 
conccnniuons o i  cadmium in the lung a f r c r h i s  pcriai  t.u be:- tcnt~tivei;. 
corrciarcd w i r y  ~ 3 c  appcarancc of lung pa tho lo^, which was only c:.idc:t aitc: 
rkis cx?osurc. Light microscopic cxuninadon of the kicne?3 of these a n i n a i  

- -  indicated o_nly. isolated pa tho lq icd  changes. and equiiibriua concentr;rrions 
Wcrc nor apparent in thc kidney even after 13 months' exporurc. 

Bioc.icmiu1 fractionation of both o r g a ~  has demons:a:cc somc simi1ar;ris - . - . - - . . 
and ~~~~~~~~~~~~Half thc homogenates from 10 lungs and 1 0  kidne!r were use6 
ior die prclz-idon of rhc material subsequently described. 

Diaiysis u?cr imentr  k i n g  24 hr werc performed o n  Lie 100.000 X g 
r.J?crrAzan: f a c d o n s  of both lung m d  kidney from L'.c -7 cx?osure 
p:tod. For ~ i k  c r ~ o n r r e  period, &ere wc:c maximum losws o i  about 1010 
SO% of the carir ium. 18% of the available zinc, and 30 to 45% o i  thc cococ: - - - i r o n  ~ 5 e  !.anp-ranr in the kidney. sin= u e a m c z t  yieiccc a 45% loss o: . - - . . . . - - 
cafmiu;;r. a 50?a loss of zi.c, and a 5 5 %  loss of cooper (Tiblc 1). - -  b 

Whc? &e dl lvsa tes  were seoarated on S e ~ h a d e x  G-75. the :otd rccoven. . .. . . - .  ~ ~ - -  

~s 90 t o  1CW of that applied. The elution proiiles of the s u a e n a u n u  from a 
9-r;lOnlh cx?osure k o u p  arc shown in Figs. l(a)  and 2(ar. C ? = o n a t o p p h y  of 
L > c ~  d G l ? ~ t U  indicated that  c-m was prirnariiv associa tehui in  a 
low-molecular-n~ieirr component of about 12,500 in both orrvls  (V. = abour - 
$ 2 5  mi) . -A  d u d n c r  difference in the relative ratrm o? rnctzis u u  obser~cd 
bcwc:~ t_h$  lung and kidney for this fraction. In the 1% thc cnamiumlzincl 
c_o~pc: mole rario wu 38 : 8 : 1. whc:as in the k i S  a considcrabic 
redisuibution of rhe metals, p r a m a b l y  through meuboi ic  proccrscs, n u  
evident in the rcspcctive mole ratios of 5.3 : 1 : 4.6 for the same fraction. Thcsc 
ratios are c - ~ e : ~ c =  t o  change somewhat with further purification. T ~ c  apaa:::: 

. c : c ~ i u ~ ~ ; L ? c ' c o ? ~  moie ratio in thc kidney may be a z:?e:::on o i  :kc 
p:eser.c: of ru.0 isosrrdc?~ra.i >roteins as bas bcrn ?rcviouslv o j s e ~ r ~ ~ O  in tr.e 
1-.?g, 15is moiecxla:-\vc:ekt fnc:ion rc~::sc~tcd S j 9 i  o i  t i c  sdxi- r r . .  2!?: o i  
.L 

- ... e - 2:r.c. znc  :8O; of i i e  :-7 put on :kc :oi.~nn. For :.it :Y-sT:.'.e - 
c :  P C >  si :+.e zinc. r?: C?; sf rr.: co::e: -..- -7 --c --'..-- - -  - - --. -. ... r -2 . .  ..... *AT:- 

. . . . - .  
:c:wtc::: :n 2 :s  :::z:io?. Tke noiar  ra1:es of :itri:2bie s"i<?'.'ir:i ::C:~S" 10 . . -  . .  . . . 
~ c r z i s  :r. n:s :r;c::or. rvcrc as io;lo\n io: ::c :esjc::!ve 0:--- .... --- ..-c::c:! 





CdO TOXIC ITY:  BINDING OF Cd. Zn. LND Cu IN RAT LUNG 85 





CX) T O X I C I T Y :  BINDING OF Cd. Zn. A N 0  C u  I N  RAT L U N G  87 

: 12 

O f  

ELUTION VOLUME. ml 

111 

ELUTION VOLUME. ml 
(b l  

F*. 2 Sc?nuicx Gi5 PI cludon prom" oi  trr u p n n u u r  h c d o n  boo 
b e  ijdno.9 of n= I.) exposed ro CdO u a o L  0 4 i . 5  m?,o' )  for 9 monks 
md & I  *rn= p.ircd conpol. The column (82 by 2.5 cml ru =lured ar 4.C 
- 7 6  0.0211 51%-Ha buf f s .  pH 11.6. sr n o r  m a  oi 50 A. F r = o r *  
16 i) r c r  coilrcvd md inaiyrcd !or Cd'- CI. L?' ( - I .  Cd:' s j i . s t  
prorck ( - 1 .  opdcri drnriry st 250 nm. 605 u ~ a u ~ n  r c r  diri.zrd rr 

r'C +or. ~ e i  tilmdon. The a:' r o n c m ~ : o n  in *t C i i ? n = r  rrrr $ 1 1  

5 . 5 5  u p m l  and (b) 3 2 2  rglml. 

2 3 0 ;  *c c l ~ ~ c r .  moic:s!ar wcic5r u.;s 90.OC3 Jr  :b;r.c s :xe  L'.c - .. 
c o m p n n c n r  eiutcd close 10 rhc "old uoiumc. .4 s 

mc k&~ ;n icsscr auantirics. G d m j u n  has bccn ; r c i c a s i y  otrcr:ci :o j c  
bound  :o hipir-moiecu~~r-weight cornponcnts in t h e  !ivcr fo:iou.ir.s hlg? i:;cc:lon 
lcvcir :' \\'hc:hcr this fracrion re;rrcs;nrs "s;.iil:gc" f r ~ 7  :5c SC?Z:IIC::?P 

rnc:ll:sthioncin o r  initid binding t o  a lane p r o r c : ~  5 c i o r e  sy~:k:sir of 
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. . 
m c u l l o t h i o n c ~ n ' ~  cannor bc dc rcn incd  i r  ?rescat. Thc synthcsir 0: 1 ~ : s :  
cxc!usively cadmium-rh~oncin in the kldncyr of r a j j i u  has bcen tcpoz:d.:' I: 
is inrcrcsrin-z that. under inc conditions of rhc lrcscnr cxaerimczt. we:-' 

. . 
ulrnrioicr cxrinction cocificienr ratio) was onlv obscmed in L ~ C  Iun?, 'r :-= 

supcrnannr Cd" and 20" of thc total prorcin \\.as chromatographed c r  
~ c ~ h a d c x  C.25 column. The  cadmium-binding fractions scoararcd inro 7;: 

J e r k :  fraction I. elurins in the void volume (6:; t o td  supcrnaranr c a L n i - l :  

additional separation occurred 
Figure 3 ( 3  is the elution profile of the hight:.molccul~r\\right frac50: : 

from GZS. Two cadmium-bindins componcriu arc a p p u c n r  Thc finr c- 
poncnt. wirh a molcculu weight of >!0.000. h u  X, a r  255 and '05 ?.z 

. .. . (a,,,.. 405). The cadmium recorered uxs 30% of rhar pur on rhr colunn (: :< 
.. . . 2% r o u l  sdpcrnatanr cidmium). Thc second componenr with V, = 45 ml z t  : 

molcorlar wcighr of about 4500. h u  X,;at 225 and ?73 nrn ( E ~ ~ ~ . ,  225) c.: 
appcan ro be a binary mixnrtc sincc thc X, ar 273 nm peaks a t  V, = 49 :: 

of rhar put on the'column (about 3?6 total supcrnaunt cadmium). 

C 
. - wncrcas [Cd} .is a t  a m a i m u r n  ar V, = +4 ml. Thc cadmium recovcrcd u u  5-L 

, - 
G2S. Thc third componcnr. eluting at 64 ml (molcorlar wcisht of about 33' 

! conuins 25% of the cadmium rccovered from the column (A,,,., 225. 264. i: 
290; cmSx~. 225). and, on the basis of iuulmviolcc s p c c m m .  ir appezrs t o  '?: 
purified constirvenr of the binary mixwre cluting ar 50 ml in Fig. 3(a). 

F n c d ~ n a t i o n  of control-animal organs was identical t o  that  of the ? r c c &  
.dncripdon..4frcr a 24-hr di+l!rb cxpc5iricrit. 43% o i  thc avai!ablc zinc asd : E '  
of  L ~ C  available copper were rcmovcd !:om k c  supanar lnr  (!00.000 x 
fraczion) of &e control lung. Thc rou i  mcul concentration ar this s o b :  %-; 

0.18 g y m ?  of prorcin. In :he kidney. s i ~ i i a r  r r cancnr  yicidcd no its : 
caaxk~rn.  n 5 5 %  loss of zinc. and a iOO; ioss of cot== !Tzbie I ) .  Tf.c t o r i  3::: 
con:c~=~rion was 0.61 oi ?ro:c% a: :?is s q e .  

Tb: Sc=.'.j$ex G;T j :?;:ion ?roi:les is: ;k,e cor.r:oi xnimals i re  sio\br, iz tg 
!(bi and ?(bi. The 1 ~ s ;  ma!orin o i  :5r ~:o:e:n in control lune and l;i;ncy ::';:: 
in the void voiumc o i  the coiumn. 11:hough a small amount of marcr:ai :r. z- 
l?.OOO-rnoicc~iar-~ve~;ht r:nge is o b s e ~ c d  in rhc h=nc)', 

Fsrtnc: fncriomrion o i  :he iigh.mol:culzr-\vc:ght !unp prorcins on Sz;: 
dcx G100. tt.irh similnr rrcltmcnr to r h ~ r  dcscrijcd in Fig. +(bl (flo\v rr::. 
ml/hr). yicldcd rrvo peaks: (1) a lo\$,-molcculzr-\vc!ghr tc25.000) compc.-.z: 
that rcprcscnrcd rhe majariry o i  rhc prorcin in; ( 2 )  3 hien-moiccui~r-\r::,. 



Fig. 5 S c p n u n  C.50 ~ ? r ? d o n  ui diaiyzrblc compcnm. horn -Sic kidneys 
ui nu cxpord  ro CiO :or 7 munols. Thc rvlumn Jirnrnriunr u n r  I..' cm by 
50.0 cm. Elutions \sac caried out r r  J'C \sirh (a)  O.U?$.\I phurphau butler 
pH :.I y l d  lb )  11 0?:.\f Trir-HC: buifrr p H  7 .3  JI :lo\r rater o i  18 mllhr ( 3  
mllfracdon). (11 \tat& rollccrrd from fracdonr 4 tu 6 of b e  preceding C-2s 
i i u a d a n  14.8: ;p W:-.'mil. (b) tzrcrixl ro l lecr~d horn frardonr 7 ro I S  at 

b r  prcrcdin$ G-25 Iidcacion ( 1  1.0 up CJ2'/rnl) (rc tcxc). 



K A P G S .  SUCXSSSNE.  A V D  3 l C H C A L E  

hzve not been ~ i r i i l e d  on GiOO to Cite. 

modcrrtely advanced at <:c end o i  9 nontts.  one e x ? c + ~ ~ c n u i  ~ o u p  u.as lek k 
the chambe: for 13 mont.s. Fnc5o:aion oi t ierr orrans was identical 20 :ki: 
of the prcczlhg dcscrijtion cxcep  :'.at dki!ris u.rs pe5omcd inroueh :he 2% 
of ur u]cr>i jsdon appr;,rus cpiy?cd ujth a U>\-2 menbrir.e (xolccuii. 
wc*ht cutoff, 1000). 

D i z l y s i s . ~ ~  ulrzi1r;zdon of i-ie J ~ ~ ~ s o i . ~ t ) i e  r~?ena:anf resulted in 60% of 
the a ~ i b b l e  ca&,iun. 40% of  ~ i e  available zhc, and ? 5 ? ;  of the availzbie 
copper being rezioved (Ti5le 2). The me-d concencation in L?C rcxaining . 
dir l>utc  u u  0.27 ,q/q o i  protein. Iccndcrl ereamcnt of kidney supenatant 
renoved only 180. ~ d " ,  20% ~n:', and 10% of the available Cu" (Table 3). The 
m c d  con~:~mt ion  in :enriniF.g dirlys:c was 0.74 pgirnp of protein Tine 
G75 and GI00 chdon  p:oiics for we dL;)-laos of a& o q u ,  ui shown in 
Fig* 4 ind 5 .  .a M be Ccductd t o =  Tabic 2. <ic r o d  recovey o i  c::' from 
rhe GiS co imn  u u  58% of .;nt ;?plied !or h e  lung and 100% of h a t  applied 
for thc kidnc$.  -' ' 

The most re5ui;lolc c5mge nored in ;he lung supemaunt u-rs the vkmd 
absencc of r iracdon -iildr a moiecdu aright corresponding to h a t  of 
m c ~ o & i o n c ~  T'c two c3+irsn-bindii$ fracrions present correspond to 
molecular weights of > 30.000 (void.voiurr.e ellxion) and 3900 (fracjons 1 and 
4, respe;-tre!y, in Table 1). Chrornatogfaphy of rhc first on GI00 [Ti. 4(b)l 
rml red  in funher w?uadon of ins high-rnoleculsrmight fraction into W O  

rnc-4-conuinia!: cornponcn'5. e a J  re?rescndng 5 t o  696 of rhc or i6nd 
ruperramr cainir?m if we adjurr  he figvm to account for the low G75 
column recovery. Fnczion 4, eluting at 410 ml from Gi5 .  represmted 22% of 
the c o d  odn ium in h c  supcmrrant and L d  a rnolccular weight of abour 4000 
with ~2501280 = 1.5, u did the mall fncdon ciuriny at 425 ml from similar 
==GC=: of r.5; 9-rnonri lungs [see Fig. 1(:)1. 

-rhe G ~ S  ge:. i<z.sjon of riie iiiCley tidysate s c ? ~ a t e d  aprroximrt!)' the 
nb-.bc of ze-&binding :onponnu u observed at 9 month '  

:x?osur+. d t h o q k  Lie :t!advc ?roporcions we:: dt t rcd [Fig. f (a ) l .  Afrcr 2 :  
3.; of iyc a\.siab~c ~j". ::?i of tb??e ivaiiabic ~ 2 ' ' .  and I 0 b  of the . .  . ... 

:c.-)vere? :n :r.c iow-oic~:i;p\vei~?!t ~e:2ilo:?~iosr.;?-:iKC 
incrior. i (--o:er.r;i; ..v:ig.'.: of 1@.:06 rsith e:?O/1SO r 1.6). Tibit 2 !is .. . , :kc 
rcprcsc-~:ive reca\,cr). oi ezc:? 3::j tza :kc toui  ?rorcin in f?e :rrc:v;CZ;; 

fracriozr from :kc coiuxns. T tcs  fiac:ian 1 iV, = 1 3 5  t o  223 ni) contained 
: ~ * b .  i:;c:ion 2 ;Ve  = 223 to LOO xi) costaised 10%. and frac:ion i l\', = 360 
to 4;s conrlincd 9% of :he i3ti1 supernatant cadmium. Frmion 1 was 

conccnaarcd =nd funher se?arztcd on Scph2dcx G-100 [Fig. ii(b)l. Gdniurr ,  
r c c ~ \ , e ~  w r  S5Ca of that appiied. \Vhcrcas rhe lung appears to posscss two 
h i g h . m o ~ c c u ~ 2 r - ~ ~ ~ c ~  mctd-binding proteins 1 Fig. Crb)], thc kidney appesn to 

3 or possibly 4. togethcr rotaling 16% of the avaiiable Cd'.. The rmril 
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1.0 Lung 13 rnonms' m.0-re - 4 0  -. 
C 

t 1.5 

- 2.0 c 
6- 

W za= 
I 0.0 u 

ELUTION VOLUME. ml 

SLUTICY VOLUME. ma 
Ib l  fif. Se?hrdex ~1 eludon prnc3er of h c  p l f C . Z M 1  heions h o n  nc 

lunp ciurcd at  4'C w& 0.0:\1 T*-HC: buffc. ;H 1.6. 3+rb w u  
prriormd rr 4'C bciorc pci f j a n o n .  ;==on, cc;cc%: ucr r-ay:r- !or 
w:' iz>. ~n: '  (4. CU:- ~ ~ ) . u l d  Fr3tCL1 I:  1. O P ~ C L  d c 5 1  a: om. 4.1 

DV~YYD 11.88 Y E  Cd:ni) .;pika :o G.IS coiuG:S: ay :.) &I. n o s  rslr 
30 mi/hr. ! mtlfrxdon. lb l  Frrcaon I. ( I l b  ro :! d du:nal imm GI! 
column (0.37 rg Cdlnl), rppiicd l o  +;had=% G-100 r0ie.m I& by 1.5 cml. 
n o r  rare 6 mrnr. 5 mllfmrrion. Thebxporurc ic$cl r.r 280 ;r,ml fur l j  
monhs.  
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frac:ion with an eludon volume of  about 250 to 300 nl in both Figs 4(b) and 
S(b) corresponds :o a molecular weight of ~ 2 5 . 0 0 0 .  
r We call artention to ~ 5 e  patholopy o f  the lungs from this hrter  group o f  
\ ani?als. which were pre\imsl;. described as  being in r defmirive s u r e  o i  fibrosis. 

1 Beci-re the lungs i r e  qcirc fibrodc, homogenizadon of the tissue is very 
I d i i f i r ~ l r  and the yic!d of c x m c u b l e  soluble protein is rchrivcly low. Likewire, 
, the cadmium conccnnation (2.36 ~ l m l )  in the soluble supernaunt is much 

lower than that measured in the lungs of animals exposed for only 9 months (5 
to !3 uglml). This docs not  explain. however, the absence of low-molecular 
wcigh;(10,0LXj ;o 12.000) componena o r  the presence of a subrunrial 
pc:ccnuge of dialyzable cadmium. Funher  work is in progrcrr - 
A C K N O W L E D G M E N T S  

This work m% suppomed by the National lnr j ru tc  for Occ~pational Safery 
. . and Hulrh ,  grant 5R01 OH 00347.05, and by the National lnrrirutc of 
- Environment+l Health Sciences. grlnt ES 00159. 

R'c thank Klaus S t w . e r  and Roger Smith for the light microscopic 

. . cuz~$a t ions .  
. . 

. .. - 
R E F E R E N C E S  

1. L. Frbmg. .U. Pisarot. and G. Nordbcrg, Csdmiszm h tbr E n o b o n m r n ~  CRC R r  - . . . -- - 
a r r c i u d .  Ohio. 1 9 i l ;  L. Fribmg. M. Pibaror. C. Nordbq .  m d  2. KcUcnrrom, 
Cadmium in rbr Enoironmrnr 11. R p u c d  for Office o i  R c v v c b  and Monitoring. EPA- 
Rl- i3-190.  L'. 5.  EDvironmmd R o t e d o n  Agency. Wshmpron. 0. C. 1973. 

2. R. SiLron. .4s,2cru on rbe Toruiry of C ~ d m k m  and 1:s Compounds:A Rmira. 
E r o i e c r l  R-rci C o z S n r c  S u i i e h  7 .  S r c i L h  S.:;ni Sciucc R n c v J  b u o c i l  . . - . - . . 
Sr~ciAolr.  1 9 i 0 .  

5 .  .Gr Quiit?' D x a  from zbe Sadoszl AL Smpiiag S m r k  lod C o n f ¶ i b u q  Sate  and 
Lad Ncmwrk. U. S. Dc=r=.eat o i  Hcalrh. E ~ E Y ~ O D  u d  W~lfue.  F:btic HniLb 
Scmcr. S a c o o d  Air PPoilu~oc b n z o i  Adriekxrio:.  Durjtr- S. C.. S o .  . U 7 D  68-9. - 
1968. 

2 . .  . 5 : .  D A .  I - .  2 0  . 5 . : .  5 I r  Torcy.. oi  i;hLed 
CSL~"-X~. J. J~.L .?ys. :ox.-0.. 1 9 :  27PZ8S 119d71: :,id. :9: 2 9 6 2 9 3  (10471. 

!. %. X .  327~92. 9. j~ax~. S .  0::~-y, ui W. 5. .43fslc T h  ?:em w d  T:ezme;r 
o i  :.-."riarion o i  G=r:u= Cklorice Atrmok in tbc Jog. j f n i  .?:x. T o x ~ a L .  2 9 :  
502.516 119271. 

6. 1. iribc.-p. Hcnith Hsr;rcr ic the .\Ianuiacrurr o i  Aiiliinr .4cr~rnuirton wrh Special 
Rc:rrract to Ckronic G d r ~ ~ 2  Pouonin~.  .+cu . I l < i  Scand, l?B(Su?pi.l. 240, 57-01 
119501. 

T. C. L .  Snidc. J .  .A. Hivcr. A. L. Korthy. 2nd G.P. LrwL. Ccnaiiobuiar Ernpn?umr 
Expcnmcntaily Induced by Cadmiurn Chloridc Aerolol. .4m-. R c .  Rcspn. Dfr. 108:  
-7 119i jI .  

8 i. U'. Blader. Dir Chronisihe K>Smurnvcr@it~ng. >rat. .Hru  iVoctrnschr.. 761 184 



K i P L i N .  BLACKSTS\Z. iND RICHDALE 

9. R. S. Hint. H. ,\I. P t 7 .  S<. G.  GNL md I. A. Picrrr. I'lr\-rrcd Ciamiurn Conceanzdon 
in Emph\nemrrour Lunp..+mn. R R  Rex;- Dh, 108; 3039 (1975). 

lo. G. Kaz~.rzu.  F. V, Flyna. 1. S. Spou'agc. u: D. G. T rot& Renal T cbulu . ' ldfulr~o;  
znd Pulmoolry E m ? b ~ a  in Cad+u= i.&geat Wori~rs.  Qu-TL J. M c ~ . ,  52: 165 

ll.C. F. Decker. R. V. Bycmm. rod C. A. iloapen. .4 Srudy of cbc Direburion and 
Rctcntion of '''Cadmiml in h e  Albioo?ar Arcb 3sochem BiopLy. 66,  1;014S 

. .- . 
12.C. F. Dcekcr. R. \'. B y c w . . .  C.A. Hoa;tn. snd R.F. k q h r m .  Chronic Todar?.  

S ~ d i e r .  I.ArcA i n a  Hr;!rb. Cbicogo, 182 2252!1 (19181. 
13.S. Suruki, T. ~ i g u c h i ,  m d  G. Y o i o ~ .  Dictr? F a n o n  Infkencing upon &c - - . 

Rerendon o i  Onllg Airt0Lrc:ed ' "CdC, io atice wish Speck1 R e i c c o e  to O i d u m  
rod Rotci.  b n c e n o . d o n s  in Dicr l n d  Htdrb. 1s 155-162 (1969). 

14.H. M. Perry. W. E r h q c r .  A. YWR, E. Ssfoopfle. and E.F. P q .  Hyperrenrionurd 
Tbruc Mcnl  L n k  Foilowbg i n m v a o u t  G d m i w .  Mcrruy. ud Zinc. .<mn. J ,  
PbytioL. 219' 755-761 (1970). 

15. G. F. Notdbcrg rad K. Nbhiyvnr PIJoicSody and klak Rerucioa of Gcb5.m in 
Mice. Arcb. E n i r o n  He;izb, 24, 209-214 (1971). - 16. R. M. Griffm, Dkslium. Lead. m d  Copper Dkmbudon i. C l d m i v s D o u d  pig. PS. D. 

- T h n b  Tbc L'nivcniry oiMichipn. Ano Arbor. 1970. 
17.2. A. S h r i  and 0. J. Luck  Cadmium and Zinc Binding <,4(Ltrli .n L iur  md 

Xidncy.Arcb. Ensirnn Hrnltb. 218 119425 (1972); ibid.. 241 410i18 (1977). 
-~ a - .la. C. F. Novibcrg and .\I P ' b u t o ~  lnf!uearr of L a c r T c m  Cdzium Elgomrr on 

Urinrry Excedon  of Roreie md Gdmiur. in Mice, Enoimn. Pby~irtL B l o r b n .  1; 57 

Fnedoor  of Mouse Liw,Aw P b m n c o l  Ta~icoL. 291 456.570 ( 1 9 i l ) . -  ' 

20. A. D. Johruon. .M B. Sigmur. m d  W. .-- 3. .Wn. Euly Acdoor -- - of Gdmium - in J c  -- Ru - 
rod D o d c  Fowl T a &  J. R.p"od F a ,  23s 201-203 (1970). 

21. K. S. Squlbb rrrd R. J. CoUMI, COOPOI 01 CadmiumBiading Prorein S ~ b ~ s b  in Rat 
Liver. 611v"on Pbyn'oL Biosbrm. 41 2130 11974). 

22. M. Pisacor. Cldr;rium In the Kidney of Sormd H w a n  Be& and the lrohdoo of 
M d o t h i o o e k  from Live  01 Rsbbin Ex;acd 10 &urn. .%rd EygYI.Tiaskr., 1st 36 . . 
(1964). - '. -. - 

23. B. ,+xixebron rod .X Pkaror .  Swam Roteits 5 C&m-?oirooed W o i n  ui t5  i a e d i  
Rrfneos. :o Hemolyxie ~ n ~ r A A r c b  fniion Hrairb. 121 37LI81 (19661. 

24.2. A. ~ h a i i h  m d  0. 1. L.~&. ~ s o k i o a  oi Cidniu>Bi.iizg P r o t e i ~  SxFrrr r i  27: 
i024-1025 (1971). 

25. G. 7. Scr:~up .\(.  so:::^^. \<. Fir;::. ~d 0. Vcc:5es. Ec:i%-ar: of ?so .??-3 
a h b i t  M t u i l o r o = r k  by !soch--c Focswg.  ~ I O C ~ C T L  1. 126: A91-96 .:i:II. 

26. D. R. Wh(c -ad X. \.. Ra;a(oork  ?~-'.a-,oo r:C S o z e  ??c:c.=s oi  CJ-3is5:g 
protria from Rat Ev=:..4rck. ;orcr% r;=ys.. 153s 315-762 liSfS!. 

I:. V. Wncr. F. Dons?, m a  H. R p p .  C;i?ium-lncuced Syntnerb oi  HqaIie 5 k . d  
lothiontin in Chicken m d  Ras. FEES ' i r i  EYI. 3iocbrm. S o r ;  Lzrr. 522 :f;-i7+ 

28. L. Fribcrg. Funher Investigations an Ckonic C n h ~ i u m  Pouor.ing. .Arch. Ind. Hy9. 
Occup. .Wrd.. $ 2  3036 (1912) 

29. .\I. Wrbb. Binding of  Gdmium Ion, by Rar Liver and Kidney. Biocfrm PhirmacoL, 21: 
2751-2765 (1972); 31. Webb. Protec5o.n :! Zinc Apmst Cabnil;rn Tcricin.. Slocbem 
PhrmnacoL. 111 2767.1171 (1972). 

30. P. Puiidc. 1. H. R. Xqi,  and B. L. VZ!!~. Irolacion and Some Pmpcnies oi  Human 
Mcull~r l~iont in .  Biocbrmirrr): 5s li68-1:77 (1966). 



CZO TOXICITY: BINDING OF C6. 21. AND C:, IP.'FAT LUNG 
97 I 

31 .5 .  H 0 r n . a  W. BarlZry. E. &on. a s c  E. Bzj5a?,. A \(c:id o i  t r ~ c r ~ t ~ ~ p  Soiublc 
and lrsoiublc Ac:aok of L a d .  Nicirl. and Cais;iurr...+.rt . Es imr .  Hrai:b. 1 6 ~  75. 
(19731. 

32. J .  P. Finch.  C. H. Norris and  A. E. S y c z t .  G i i b r r t u g  ? u j c ; a t e  Air Samplers with . 
Slonodkpcrw Ac:aok: Appiicanoo to 15. Acirw: G s p d r  Impaxor.  Am-. Ind. 
H y g  .4u J.. 28: 501 (19671. 

j!. . Y n a b o o i  of CbrmGrry m d  Pb>~ur !?=a rd.. R. C W n r :  (Ed.). p. 9.75. Cbc.%crl 
Rvbber Campmy. Clrveiand. 1 9 i l .  

- - .- .. .. . 
34.P.-D. =pi=. .U. Blacitnooc. and S. Richhie. Direct Dc&adon  of Cadmium. . - 

Sickc? m d  Zinc io Rat L u n e  Arcb. E ~ w o n .  Heslrb. 17s 387-?E9 (19i3) .  
- - 35. P. D ,  );;?-+a .U. BLckrrooc. and S. RicL&le, D i s m b u c o n ~ . a a ~  Rerentjon of S_e!ryd 

. .  . - Mcnk in +.at T i v u s  ~ f c c  lbbr i rdoc  of CzdSum O ~ ? C ~ A e o i o k . ~ i n - E ~ r i i m m L ~ I - ~  
Lump C;ncn Cxrinoprnr* s n d  Blo=:.% Syr.posi.r- P roc redbp .  Scr;..ie. W u h .  
Jme 2.'. 1974. E.  K u b c  and J .  F. Park (Eu.1. S?r2gcr-Vcrhg. Hcidclberg. W e n  
G e m : .  197.1. 

36. C. E. t-m .L 8. Ib& M. A k e b  u d  M. G. M w ' r  Ef!:ct of  Gdmiurn  Ion on  
R s p b i i o n  u d  A m  Arjviry of t5c P;Lcwrr~ A i m l x  M a c o p h a p .  E&n 
Rnc-%:. 3: 512.520 (19i01. 

3:. K. H. O'Huc. 0. K. Re*, and A. E. V a n e .  Eac+ur in Dr;elopkg and Adult Rat 
- - - - - L u r g . j .  Wuiocbrm C y r o c b n .  19: 97-11.' {197!).. . , . . ,,-:, -- - - . 

- ~. .. .  . 
- .  3 8 . 0 .  K. R e b  S ~ d i n  of Lung $lewoiLrr.. J.  Cell BioL. 30: ~!-5:(l .966).  - - 

39. .4. E. Vane:. 0. Y.. R-. J .  K. Scur.u. K. Lir.dquisr. aad E.Croenc5oer. E n z ~ n  of - - .  
t!x Lung.J. CsiL Bioi .  382 8 0 9 8  (19661. 

r) IO. G. H. H o ~ b o o m .  W. C. Sch~ridc:. a;d G. E. Palale. C > ~ ~ h c ? i c J  S ~ n i n  on 
.Ua.m...&o T-4 J. BtoL Cbm-. 172: 6 1 9 4 j 9  (19'81. . . . . .. 

41. W. W. Umbrcit. R. H. Burrir, and J. F.Suufler ( E l . ) .  ALncmrrrv  ' L c n i q u c r  pp. 

- -. 183118?. Burp- Publishing Company. H i ~ n p o i i s ,  1964. 
42. E. Bingbrm. E. Kxzer .  W. Buklcy, and E. P. h d f o d .  .J.IvcoW & b o p h a p :  Rcduccd 

S u m ~ c r  in RIII ~ f t e r  Proloogcd Lchri.don of Lcrd Saquioridc. Snmcc. 611 - -.- . - - -. - - 
1297-3299 (1968). .. - .~ - -  

43. P. Andrcws. Gcl Filtration Bchrrior of  h ~ t c i n r  Rchtcd to Tqei. MOICNIY Weipnu over 
a Widc Rmpc.Biocbrnr 1.. 968 595-606 (19651. - 

U. J. G o r  A Mino  Biurer .Herhod for Prorck Descminadon. Scan' J. C:in L b .  Imnr. 51 
. 2le-22: (1953). . . .  

Cidr i -  Lcvrl  t o  Lung Parnoiq).. r;;rir.rd foc p c b i i i d o n .  
%. G. L. EiL7.w. Tirruc Suifhycyi  GIOY:I..+~C~ Saorbern j r c r h p .  62.  JO (19591. 



Organ Distribution and Protein Binding of Cadmium in 
Autopsy Material from Heavy Smokers 

CLAES POST.'.' BO JOHAHSSON: AND STIG A L L E N ~ ~ . ~ K +  

.Dtpurrmenr of Orrupartonnl Afrd~c~nr and ' C l ~ n a d  Rcscarch Cenrrr. LmnLopfnf L'nt&rrrrp 
Horp~uL S-58/85 L~ntoping. S-?dm 

Rcce~ved December 27. 1982 

\Isle hcavy smokerr were autopsied within 3 days postinonem. Samples from kidney. 
i~rcr.  and lung were taken for analysis of cadmium levels and d e e m  or proleln ?:*ing 
. t~hrn the c>torolic friction. Tne levels in lu& l i ~ r ,  and L i 3 v  were= = 0 . 3  IX = 
S E l O . ~ l  = 0.63. and k= 8 . b p  cadmiunug wet veipht tissue, rerpc;rive!y. lo liver 
2nd i~dney .  approaimately 755 was bnu&.to a 1 o w h e r e l r  w- the 
corresponding figure for the lung cvrosolic fraction was 56%. a difference k i n g  sutisticzll! 
rtpnificznr f P  < 0.051. M e r  concenntion of the low-molecular-u,eighI cadmium-binding 
prolc~nts) ICdBP) by u l t d ~ l m t i o n  and preparntivc isoelecwic focus iq  in a mnulated Eel. 
the cadmium appeared in one single band with pl values o f  S.8 (lung and liver1 and 6.0 
Illdneyl. respccIively. It is therefore conciudcd that human l u n ~  exposed lo cadmium. in 
!hi, i3se via cigarette smoke, COBS a=. which binds cadmium. The re!ativc &ZSL 
of b a  is less in lung than in liver o r  kidney. i m  that The Q& cpy- 
rox;cro the l ~ t h m  to  liver or kidhey. as the protcin probably serves a role in detoxifying 
cadmium. 

INTRODUCTION 

Prolonged exposure to cadmium has been shown to cause accumulation o h h e  
metal mainly in the kidneys. which probably also is the main target for the toxic 
action (Baader, 1952; BonneU, 1955; Kazantsis er 01.. 1963). Pulmonary emphy- 
x m a  has also been shown to be developed in workers after prolonged hiphdose 
exposure to cadmium by inhalation of contaminated air (Friberg el a!.. 1974). 
One possible mechanism underlying the development of pulmonary emphysema 
involves proteolytic attack on the tissue by endogenous proteolrlic enzymes. 
kcause proteases. instilled into the lung through the trache3. produce emphy- 
*ma-like lesions (Gross er a/.. 1965). The emphysema caused by inhalation ex- 
posure lo cadmium could thus be mediated by proteolytic enzymes from cells in 
'he lung. The studies by Henderson and collaborators have not clearly demon- 
binled such an effect by cadmium. however. when the metal was instillated as a 
Qlulion inlo the trachea (Henderson er 01.. 1979). 

A%Protein with specific cadmium.-binding ability. metallothi~nein. has been 
mainly in liver and kidney cytosolic frac~ions. This protein plays a 

ientfzl role in the intracellular metabolism of cadmium (Nordberg er a!.. 1971) 
chelaring the metal ions in the tissue. and in this way it is believed to protect 

uml!i\.e metabolic functions of the cells. Cadmium-binding pro~einlsi similar to 

' heren: rddresr: h s t n  Reseuch a d  Development Labontoner .  S.15185 $C4:na!le. Sueden. 

29 
w13-9351:w S l O j  
c-.~.nvh~ C iw ).I C-rr- , ;  R.. la. 
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TABLE 1 
ISDIVIDL ALS ALTO~SILD - 

Tlmc be~wecn dca!h 
A@e and nulops) 

In~lisls (yeant ldayrl Prim- cause of dealh - i 
K.K. 78 I Bronchi?l pneumonia 
B..O.E. 69 4 Cardiac infarction 
B.L. 71 .) Pulmonan edema 
LR. 65 3 Subarchnoidal bleedin& 
E.S. 78 3 Pulmonan. cancer with mc!ana\cr 

! 

methallorhionein h a w  been detected in syrian hamster lung (Benson and Hen. 
derson. 1980) and in several cell lines derived from pulmonary tissue (Cox and , 
Waters. 1978: Hart and Keating. 1980: Hildebrand and Cram. 1979). The proteins 
have been shown to be synthesized de novo on exposure to an aerosol of cadmium 
chloride (Post rr a/.. 1982). An alternative explanadon to that ofproteolytic attack 
on the lung. could either be that the lungs in man do not synthesize the CdBP in 
lung at exposure, o r  that the amount is not suflicient to bind all the accumulated 
metal in the lungs. In both cases. the Cd?' ions would be free t o  excen their 
toxic action on the tissue. The aim of the present investigation was therefore (11 
io see whether man exposed to cadmium via the airways has detectable metal , 
lothionein-like proteins in the lung and (2) whett.:r the Cd:' ions persist in the ; 

lung tissue in their free or bound form. Heavy sr;,okcrs were used as source for ' 
tissue specimens postmonen. as this category has an elevated body burden of ! 
cadmium due lo  contamination of the tobacco (Elinder era/ . .  1976). I 

MATERIGS AND METHODS I 

Five heavy smokers autopsied at the Department of Clinical Pathology at the 
Linkaping University Hospital were investigated. The age and cause of death arc : 
listed in Table 1. The time between death and autopsy was 3 days (mean) with a ' 
range of I to 4 days. The bodies were kept at +4'C until autopsy was performed. 
In subject E.S.. who had a pulmonary cancer. the material used in this study u'as 
noncancerous. The material was frozen and kept at -?OaC until processed fur- : 
ther. A freeze-pressing technique (Edebo. 1960) was used for homogenization. A 
buffer containing 0 . 3  at sucrose. 0.01 M Tris-hydroxymethyl-aminomethane 
(Xis). and adjusted to pH 8.6 with hydrochloric acid. upas added in equal weight 
to the tissue before the homogenization. The homogenate was centrifuged a: 
EO.OO@g to isolate the cy~osolic fraction of the tissue. Samples of t h ~ s  and the 
crude homogenate were saved at -204C for later analysis of protein content and : 
cadmium level. A sample of the cytosolic fraction of lung. liver. and kidney from 
each individual was applied t o  a 2.8 x 61.im Sephadex GSO column. The sampler . 
were eluted uith a 0.01 M Tris-HCI buffer (pH 8.6) containing 0.02% sodiua 
azide. Samples of I I ml were collected to later be monitored for protein. mea- 
suring the absorbance at 280 nrn in a Pye-L'nicarn SP-500 u! spectrophotometcr~ 
The cadmium levels were determined using an Instrumentation Laborator?' !I1 : 
atomic absorption spectropho~orneter equipped with a ~ raph i te  furnace tlnstW : 

., 
r.; 
L 



I 
'I TISSUE BlSDlNG OF CADMIUM IN MAN 3 1 
i 
, m,nt3tion Laborator). 5 5 5 )  and an automatic sampler (Instrumeatation Labora- 

3'141. The method gave acceptable signal-lo-noise ratios &wn to I ndml 
&pis. The samples from the column containing CdBP were pooled. concen- 

I ,ntcd using a Micropore UM? ultrafilter. and later characterized funher by iso- 
f electric focusing. 
' 
; nat-bed isoelectric focusing was carried out with the use of an LKB hlultiphore 

#paratus coupled to an LKB power supply (model 2103). Cold tap water was 
! ,,ed in order to mlrintain the cooling plate and the pl at a temperature of + IO'C. 
' ne electrofocusing was run in a granulated gel bed composed of 6.6% Ultrodex ! ,LXB) and 2% carrier ampholytes (LKB Ampholines) covering a pH range of 
f 1.5-10.0. Samples of 1.0 ml concentrated and pooled CdBP from the individuals 

*ere mixed with the gel slurry before being added to the gel plates. The electro- - i 
j i (oc.using was run for approx 22 hr at a constant power of 5.2 W with an initial 

\ i ioltage gradieni of 20 Vlcm. After completion. a grid was applied to the gel. 
: jividing it into 30 factions. The gel from each section was removed. vonexted 

,n a plastic tube with 1.0 ml of distilled water. the contents were cooled to + IO'C. 
. md the pH was measured with a combined glasslcalomel electrode. The gel slurry 

,j : uas then filtered to remove the solid matrix and the liquid phase assayed for 
I, : iadmium content. 
i I 
!. i RESULTS 

I The individuals examined in this study all had their highest levels of cadmium 
In the kidneys. followed by the liver and lungs flable 2). The kidneys also showed 
r larger variation in the cadmium levels than the other two organs. The levels in 
kidney varied between 9.1 and 30.4 +g/g wet weight tissue. while the com- 

! ,punding values in liver and in lung were 1.3-2.8 and 0.2- 1.1 +@g, respectively. 
! 
; Figure 1 shows three individual curves from the Sephadex GSO column. Part of 

r i the cadmium eluted from the column in the high-molecular-weight protein peak. 
re i md pan of it at an elution volume around 1000 ml. where no peak was found at 
a 130 nm, indicating that the cadmium-binding protein(s) in this region were similar 
i. 1 .* 

lo mt~allothionein in having no aromatic amino acids. The value of the relative 
as , Jistribution of cadmium between the high-molecular-weight protein (HMWP) as 
p 1 cqimated from the Sephadex GSO chromatography and the CdBP similar to rne- 
.4 . ldbthionein was larger in lung then liver and kidney (Fig. 1 and Table 2). The 
~c ; CdBp peak (Fig. I )  from each organ was concentrated and I ml was applied to 
hi j :he isoelectric focusing bed as described under Materials and Methods. A single 
a1 , peak of cadmium binding was found in all cases, having pl values of 5.8 
3c ; 'lun8 and liver material) and 6.0 (kidney material). respectively. 
i d  . 
,m DISCUSSION 

<: 4 The individuals autopsied in the present investigation all had a level of cadmium 
:m in kidney around 30 me:kg wet weight and less. which is far below the 200 m d  
.> : Lz rePOned to cause toxic reactions in the kidney (Friberg er 01.. 1974). It is. 
:r. ; '~"'ever. comparable to levels found by others in tissue from heavy smokers. 
Ii 'Ahere the tobacco has been shown to cause an additional source of cadmium to 
u- general environmental background levels (Elinder rr 01.. 19i61. The material 
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TABLE : 
Ttssi~ LEVELS Of CADIIII.W A \ D  THE RLLAnVL B I ~ D ~ ~ G  TO THE LOY-MOLECLLAR.~EICKI  CdBP 
A%D WE HIGH.~~OLECLLAR.W~EIGKI PEA* cHhfu'PI AccOwluG To GEL FILTRATIO\ l S E E  FIG. l o  i - ~ ~ - 

Indi\  dud 
t i .  B.O.E. B.L. A.R. E.S. Mean r S.E.M. - 

Lung 
Total amount g 

wet weigh! tissue) 0.29 0.20 0 1.09 0 .  0.50 r 0.3.' 
Amoun: bound lo 

CdBP 1 % )  3 1 62 68 65 -- <- 56 = I! 
Amounl bound to 

HMWP (2) 69 38 52 35 48 4 4 2 1 5  1 . 
L~ver  

Tolal amount ( r p g  
wet weight ttssue) 2.65 1.32 1.79 2.56 2.76 2.21 r 0.63 

Amount bound to 

1 
CdBP 1%) 66 63 BB 80 8 1 '76 : 11  

f 
Amount bound 10 

HMWP 1 % )  34 37 I? 20 19 I 
' 2 J = I I  : 

Kidney I 
Toml amounl Ir#g 

we1 u,eigh: lirruel 9.07 16.73 20.83 30.39 9.86 17.W r 8.76 ' 
Amount bound to 

CdPB 1%) 70 84 34 72 70 '76 z 7 ) 
Amount bound lo 

HMWP 1%)  30 I6 16 28 30 . '24 r 7 ' i 
' P C 0.05 (paired I t e s l  compared 10 lung. - I 

i 
I in this study is far too small, however, to permit any conclusions to be drawn : 

about the role of cigarette smoking in cadmium accumulation in man. However. ' 
the  aim of the investigation was to give the binding characteristics of the metal * 
to dflerent protein fractions in lung, liver. and kidneys. f 

I 

It is evident that lung tissue. as well a liver and kidney tissues. contain a ! 
protein in the low-molecular-weight range which binds cadmium to a high extenl. 
Using gel filtration and isoelectric focusing. the protein(s1 have been shown to 
have a molecular weight in the range of 10.000 Da. which is similar to metallc- ; 
thionein, and the absence of absorbance at 280 nm indicates another sirnilarily. . 
The pl values of the single peaks appearing at isoelectric focusing (Fig. 2) vert 
5.8 for lung and liver and 6.0 for kidney c!~osoiic CdBP. These are higher valuer i 
than previously reported for rat and rabbit liver. from which two forms of me- i 
tallothionein u:ith p l  values of 4.2 and 4.7 have been isolated (Cherian. 1974: i 
Bordberg ri a!., 19i2). The possibility exists. though. that the single peak oh- ' 
rained in this study would have separated in two hands in z narrower pH gradient , 

Metallothionein has been proposed to play an es5ential role in the de~o~ification : 
of cadmium (Piscator. 19N1. The preseni investigation demons:ntes a prolein ; 

componenl with low molecular weight. The separation charac~eristics of the pr* : 
tein. or possibly the protein complex of the lung cylosolic fraction are similar ic ; 

. . i 
., 

L 
I 



. 63-cm Scphjdex column of ussue c~tos*llc 
FIG I .  ~ ~ ~ i c ~ l  prl fillnuon chromalo ,~ph?  In a -. ole, absorbjnce a1 :B0 nm and 1x1. 

'?alon from one ,,f the nu~opsied ind~vidualr IE.S.1 t i )  Den 
.dmlUm c o , , c ~ n l ~ l ~ o n  in ,he fractions. (a)  he elul1on ~ a t t e m  ~ ~ ~ ~ ~ ~ ~ ~ , ~ ~ , n ~ o ~ ~ i c m ~ ~ ~ ~ , y '  
;rmlc frilillon. tb) ~f~~~ 8.0 mI liver cytorolic f r~c t ion  ( c )  
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Ihal of liver or kidne!.. I1  is lhereforc likel) that this protective factor against th: 

however. tha t  t h e  Cadmium-binding abili~) of lung tissue is less than that  of  live: 

I 
toxic action of  cadmium is present in human lung as well. 1t is inreresting t o  note. I 

l 
or kidne! tissue (Tabl: 2). This could be an indicalion that  the  lungs are less I 
capable t o  protec t  themselves against cadmium. A tempting speculation is the re  1 
fore !ha! individuals u i i h  subnormal capacity lo  synthesize the me~allothionein. 
like protein are more  susceptible to the  toxic action of cadmium. A reccn:]! i 

1 published s tudy on the  production of low-molecular-weipht cadmium-binding p r s  , . . 
teins in the rabbit lung h a s  shown this 10 be a rapid process. and that  all cadmtua ! 
is bound l o  the  proteins within a f ew hours (Post el  01.. 19821. The material  take; ! 
postmortem in man u.a\ from old males. however. who had been exposed t o  
quantities of ciparetlc smoke. It is therefore not certain that their capacity to 
resynthesize t h e  C d B P  is sufficient. Another interening aspect  of th is  and other ; 
studies showing a lung CdBP. is that  this  CdBP could serve as a means of t r ans  
porting the  metal directly t o  the kidneys  as has been indicated by others ( K o r d  ! 
berg a n d  Coyer. 1975: Johnson and Foulkes. 19801. Different capabilities to induct 
the protein could therefore give different bod!. distribution of cadmium after d c  
position in the air passage.  1 
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August 20, 1986 

Mr. William V, Loscutoff 
Chief, Toxic Pollutants Branch 
Air ~esources Board 
P.O. Box 2815 
Sacramento, CA 95812 

Dear Mr. Loscutoff: 

Comments on- Cadmium Risk Assessment 

Pacific Gas and Electric Company appreciates this opportu- 
nity to comment on the Air Resources Board (ARB)/Department 
of Health Services (DHS) June 1986 Cadmium risk assessment. 

We recommend that the DHS1 Part B risk assessment be revised @ to: 

1. state that the data are consistent with a threshold 
below which there is no risk from exposure, and 
that the range of risk is zero to 12 cases per 
million persons exposed to 1 ng/m3 over their 
lifetime; 

2. more clearly acknowledge that the unit risk 
recommendation is based upon the staff's 
no-threshold policy rather than any ecientifically 
conclusive determination; and 

3. recommend the use of the DHS1 Ifbest" risk estimate 
rather than the use of the DHSt "upper boundt1 risk 
estimate. 

We recommend that the ARB1s Part A source assessment be 
revised to: 

4. address ship, railroad, and airplane cadmium 
emissions which a California Energy Commission 
(cEC) staff report indicates may be about nine 
times higher than the corresponding stationary 
source emissions: 



Mr. William V .  Loscutoff -2- August 2 0 ,  1986 

5 .  c i a r i f y i n T a b l e s I I I a n d I I I - I , a n d i n t h e t e x t  0 
on page 111-6, t h a t  one category,  i n d u s t r i a l  
b o i l e r s ,  c o n t r i b u t e s  70 percent  of t h e  t o t a l  
r e s idua l  f u e l  o i l  combustion emissions and 
60 percen t  o f  t h e  t o t a l  o i l  combustion emissions 
i d e n t i f i e d ;  and 

6 .  expla in  why t h e  ARB es t imate  of i n d u s t r i a l  b o i l e r  
r e s idua l  f u e l  use i s  t h r e e  times higher  than t h e  
corresponding CEC s t a f f  es t imate .  

We cannot overemphasize t h e  importance of r ev i s ing  P a r t  B t o  
inc lude  a s c i e n t i f i c a l l y  ob j ec t i ve  p resen ta t ion  of t h e  
cadmium th re sho ld  a l t e r n a t i v e .  A s  discussed more f u l l y  i n  
Attachment A ,  we urge DHS t o  es t imate  t h e  threshold  below 
which t h e r e  may be no r i s k ,  and t o  use t h i s  threshold  
a l t e r n a t i v e  i n  t h e i r  range of r i s k  es t imate .  Attachment B 
con t a in s  excepts  from t h e  1985 Environmental Pro tec t ion  
Agency (EPA) Cadmium Update which i l l u s t r a t e s  how such a 
t h r e sho ld  model comparison could be more ob j ec t i ve ly  
presented.  We a l s o  no te  t h a t  Southern ~ a l i f o r n i a  ~ d i s o n  
r a i s e d  t h i s  i s s u e  i n  t h e i r  January 21,  1985 comments ( s e e  
ARB Report ,  P a r t  C ,  SCE, page 6 ,  bottom paragraph).  

We d isagree  wi th  t h e  DHS recommendation t h a t  t h e  upper bound 
. r i s k  e s t ima te ,  r a t h e r  than DHS1 own "best"  r i s k  es t imate ,  be 

used t o  e s t ima te  r i s k s .  DHS' reasoning t h a t  t h e  upper bound 
r i s k  is more appropr ia te  because it provides an  e x t r a  s a f e t y  
f a c t o r  t o  p r o t e c t  U s e n s i t i v e u  populat ions and t o  p r o t e c t  
a g a i n s t  r i s k  of dea th  from cancer a t  o ther  sites has n o t  
been s c i e n t i f i c a l l y  j u s t i f i e d .  No da t a  a r e  c i t e d  i nd i ca t i ng  
t h e  ex i s tence  of more s e n s i t i v e  populat ions.  Also, thexe 
a r e  no d a t a  t h a t  i n d i c a t e  increased r i s k s  of deaths from 
cancer  a t  o t h e r  s i t e s  ( s e e  r ev i s ions  t o  P a r t  8 ,  page 631. 
P lease  note  t h a t  EPA concluded t h a t  t h e  use o f  t h e  upper 
bound r i s k  would be  "an unnecessary added l e v e l  of 
conservatismq1 ( s e e  EPA, page 163 i n  Attachment 8 ) .  

Our comments on P a r t  A a r e  d e t a i l e d  i n  Attachment C .  The 
app l i cab l e  p o r t i o n  of  t h e  CEC Report referenced is a t tached 
a s  Attachment D. Please  c a l l  me a t  (415) 972-6901 o r  J. T. 
Holcombe a t  (415) 972-6910 i f  you have any ques t ions  about 
t h e s e  comments. 

Sincerely,  . .. 

Attachments 



ATTACHMENT A 

PART 3 OF THE JUNE 1986 CADMIUM RISK ASSESSMZJTl? 
SHOULD BE REVISED TO STATE THAT THERE MAY BE 

A THRESHOLD BELOW WHICH THERE IS NO RISK 
FROM EXPOSURE, AND THAT TEE RANGE O F  RISK IS 

ZERO TO 12 CASES PER MILLION PERSONS 
EXPOSED TO 1 ng/m3 

In its 1985 Cadmium Risk Assessment Update the United States 
Environmental Protection Agency (EPA) properly addreseed the 
likelihood that there could be a threshold for cancer risks from 
cadmium exposures. EPA concluded that its simple threshold model 
adequately fit the data.' EPA further concluded that: 

1. There is no solid scientific basis for any mathematical 
model that relates carcinogen exposure to cancer risks 
at the extremely low concentrations that must be dealt 
with in evaluating environmental hazards; * and 

2. An empirical threshold model that is also consistent 
with the observed data gives a unit risk estimate of 
zero3 at typical ambient exposures. 

In California, the Department o f  Health Services (DHS) is 
@ required to estimate Itthe range of risk to humans resulting from 

current or anticipated expo~ure~l.~ We believe that refers to 
the full range of risk, which in this case should be stated as 
zero to 12 cases per million persons exposed to 1 ng/m3 of 
cadmium. Although the DHS qualifies its estimate of 2-12 cases 
per million by stating that "the actual risk may lie in or below 
that rangegg5, this is not sufficient since other experts have 
acknowledged that a zero risk estimate could be equally valid. 
Specifically, EPA has estimated that a constant lifetime exposure 
to 10 pg/m3 cadmium would not cause any risk under the threshold 

Updated ~utagenicity and Carcinogenicity Assessment Of 
Cadmium, EPA-600/8-83-02 5F, June 1985 (final), page 159 
attached. 

* EPAl page 138 attached. 

EPA, page 8 attached. 

Health and Safety Code Section 39660(c). 

DHS Revisions to Part B, I1Report to the Air Resources Board 
on Cadmium submitted to the SRP for Review, page 4a. 

I 



model .' Since the highest average ambient concentration reported 
in the Part A Report was only 10.8 ng/m3, the reported 
concentrations are a factor of one thousand below this plausible 
thre~hold, and a zero risk estimate is far more likely -- 
particularly since there is relatively little evidence that 
cadmium is particularly mutagenic even at high concentrations. 

DHS seems to assert that since "the carcinogenic activity of 
cadmium ma occur through a mechanism for which no threshold 
exposure 3 v s l  exists1t7 (emphasis added), there is no need to 
present an objective evaiuation of the likelihood that'it may not 
occur through such a mechanism. DHS should clearly acknowleG 
that there is no data establishing that threshold mechanisms 
could not predominate, and follow EPAfs example and present an 
alternative threshold model which would best fit the data. DHS 
Tables I-78 and Ix -69  should be expanded to include comparative 
risks at ambient concentrations under the alternate threshold 
assumption in a manner similar to that presented in EPA 
Table 26.6 Similar comparisons should be included in DHS 
Table I X - 2 1 0 ' " ,  Figure 1x-1'~ and Figure I - l i 3 .  For clarity, 
the least squaree fit data14 should be tabulated in a mamez 
similar to that shown in EPA Table 2 S X 5 .  Similarly, the DHS 
should follow the EPA Table 25 example on observed versus 
predicted data comparison by revising DHS Table IX-41s to also 
include a comparison with the incidence that would be predicted 
by the threshold model, not just with the iacidence predicted by 
the linear no threshold model. 

EPA page 162 attached. 

DHS Revisions to Part B, page 47. 

DHS Revisions to Part 8 ,  page 6. 

DHS Revisions to Part B, page 65. 

O DHS Part B (with revisions ) , page 84. 
" DHS Revisions to Part B, page 66. 

l 2  DHS Part B (with revisions), page 85. 

1 3  DHS Revisions to Part B, page 7. 

1 4  DHS Revisions to Part B, page 62 

I S  EPA, page 160 attached. 

l 6  DHS Revisions to Part 5, page 59. 



If the DHS staff recommends a linear non-threshold upper bound 
range of risk estimate, any such recommendation should be clearly 
identified as being based on policy, not on a scientific 
determination. Furthermore, any such recommendations should only 
be made after DHS has objectively presented the full range of 
plausible alternative risk estimates -- including the EPA 
threshold model risk estimate. Risk managers need to know the 
relative likelihood of such a zero risk alternative so that they 
can consider the relative uncertainty of different upper bound 
risk assessments when faced with competing risk, mtmW3nent 
alternatives. 
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(Juant i tat ive Assessment 

S ince humans are  exposed t o  cadmium dust  o r  fumes, and t h e  r a t s  used f o r  

s tudy  were exposed t o  cadmtum c h l o r i d e  aerosol ,  a  l i m i t a t i o n  I n h e r e n t  i n  t h e  

use of such s t u d i e s  f o r  e s t i m a t i n g  human r i s k  i s  t h e  p o s s i b l e  d i f f e r e n c e  be- 

tween humans and r a t s  w i t h  rega rd  t o  l u n g  r e t e n t i o n  O f  p a r t t c u l a t e s ,  .or  between 

t h e  b i o l o g i c a l  e f f e c t 1  veness of cadmium c h l o r l d e  aeroso l  admln ts te red t,o r a t s  

and t h e  dus t  and fumes i n h a l e d  by workers. Since t h e  data are  n o t  . c l e a r  on 

t h i s  po in t ,  assumptions of equal l u n g  uptake and equal  e f f e c t l r e n e s s  have been 

made h e r e i n  f o r  t h e  purpose o f  a r r l v i n g  a t  an assessment o f  t h e  human r i s k s .  

Given these sssumptions, combined wi th Other assumptions aqd convent ions 

used i n  q u a n t f t 8 t f v e  r i s k  assessment procedures, t h e  Takenaka e t  a l .  (1983) 

da ta  on l u n g  c a r c i n o m s  i n  r a t s  d u r i n g  l i f e t i m e  i n h a l a t i o n  exposures t o  cad- 

mium c h l o r f d e  ae roso l  were analyzed. AS a r e s u l t  o f  t h i s  ana lys i s ,  t h e  upper- 

bound Incremental  cancer r l s k  t o  humans who cont inuous ly  b rea the  1 119/m~ of 

elemental  cadmium f o r  a  l l f e t i m e  i s  es t tms ted  t o  be 9.2 x  10.2. 

Based on r e s p i r a t o r y  cancer r a t e s  f rom t h e  Thun e t  a l .  (1985) study 0 f  

cadmium s m e l t e r  workers, and u s l n g  a l i n e a r  model t h a t  i s  c o n s f s t e n t  w l t h  t h e  

data, t h e  upper-bound incramcnta l  cancer r i s k  f rom l i f e t i m e  exposure t o  1 d m 3  

o f  cadmium I n  t h e  air 4s e r t l m a t e d  t o  be 1.8 x 10.~. 

The 95% conf tdence bound on t h i s  est imate.  whfch takes  i n t o  sccount o n l y  

t h e  s t a t i s t i c a l  variability o f  t h e  cancer ra tes ,  gfves a  range o f  3.5 x  

t o  1.7 r 1W4, However, t h i s  range does n o t  account f o r  p o s s l b l t  d e v i a t i o n s  of 

t h e  t r u e  ( u n k n w n )  model f rom t h e  l i n e a r  model o r  o f  a c t u a l  exposure f rom e s t i -  

mated exposure. For  example, an e m p i r i c a l  t h r e s h o l d  model t h a t  f s  a l s o  cons i s -  

t e n t  w i t h  t h e  observed da ta  g lves a u n i t  r f s k  e s t i m a t e  o f  zero. Even w i t h  t h e  

u n c e r t a i n t i e s  sur round ing  t h e  es t ima te  hased on human data, i t  1s f e l t  t h a t  t h i s  

a 



lNTRODUCTION 

Tnis  y u u n t i t a t f v e  s e c t i o n  duals w t t h  tho u n i t  r i s k  f o r  cadmiun i n  a i r  

and tlre'potor,cy o f  cadmtu~n r e l a t f v e  t o  o t h e r  cdrc inogyns t n a t  t h e  Carcinogen 

Assesslnent Group (CACI) nas ova lua t rd .  Tne u n i t  r l s k  es t ima te  f o r  a'n air p a l -  

l u t b n t  i s  d e f i n e d  as t h e  i n c r e ~ n e n t a l  \ l f e t t n e  cancer r l s k  o c c u r r i n g  i n  a 

h y p o t h e t i c a l  p o p u l a t i o n  I n  whfch a1 1 1 ndt v f d u a l s  a re  exposed continuously 

f rom D t r t h  throughout  t h e i r  t t f e t i ~ l l e s  t o  o c o n c e n t r a t i o n  o f  1 ;rY/m3 of  tho 

agent i n  t h e  a i r  t h a t  f l ~ e y  breathe,  These calculations a r e  done t o  est imate,  

f r l  q u a n t f t a t t v e  tenns, the  Impact o f  t n e  agent 8s a carcfnoyen. l Jn l t  C l f k  

e s t i n a t e s  a r e  used f o r  two purposes: 1) t o  eonpare t h e  carc tnoyen ic  po tenc tss  

o f  several  dyents w t t h  each o ther ,  and 2) t o  y rve  a cruae ( n d i c a t t o n  o f  t h e  

~ y u l a t i o n  r ~ s k  thdt  would be assoc ia ted  w i t h  a l r  o r  wator exposure t o  there - 
ven ts ,  If tl te actlrel cxyosures were k n w n ,  9 

The data  used f o r  q u a n t i t a t i v e  e s t l m a t i o n  are  t a k e n  f rom one o r  both O f  

t h e  f o l  low lnq:  1) I t f e t t m e  animal s tud ies ,  and 2) nunan s t u d i e s  where excess 

cancer  r i s k  has been assoc ia ted  w i t h  exposure t o  t h e  agent. I n  sntmal studies 

i t  i s  assumed, untess evtdence e x i s t s  t o  the con t ra ry ,  t h a t  i t  a carc tnoyen ic  

response Occurs s t  t h e  dose l o v e l s  used i n  t h e  study, than response w t l l  also 

occur  a t  a l l  lower  doses w i t h  an incidence O e r e r ~ ~ ~ l n e d  by t h o  a x t r z p o l a t i o n  

nodel .  

There i s  no s o l i d  s c l e n t f f t c  bds i s  f o r  any mathelnatlc(l l  e x t r a u o l a t i o n  

model t h a t  r e l a t e s  carc lnoyen exposure t o  cancer r l S k s  A t  t h e  ext remalv tow 

c o n c e n t r a t l o n g  t h a t  w s t  be d e a l t  w i t h  t n  u v a l u a t f n q  cnv l ronnen ta l  hazards. 

For  p r a c t f c a l  redsons, S I J C ~  10, l e v e l s  o f  r i s k  Cannot be measured d i r e c t l y  

h e  h n a l  e r p e r i i n e t ~ t r  o r  by r y i d ~ i n i n l o ~ i c  r t u d i e s .  Ur ~nust .  . there fore ,  



An es t ima te  o f  A *  = p x 106 i s  ob ta ined  from t h e  equat ion  

which has t h e  s o l u t i o n  A* = 0,642 So t h a t  A = 6.42 x 10-7. The V ( A )  I s  e s t i -  

mated t o  be V ( b )  = 1.27 x 10-13 so that-  h 3.56 x 10'7, and t h e  952 

upper and 5% l o r e r  conf idence bounds a r e  approximate ly  A,, = 12.26 x 10-7 and 

be - 0.58 x  10", r e s p e c t i v e l y .  I t  should be noted t h a t  t h i s  measure o f  v a r l a -  

b i l i t y  o n l y  takes  i n t o  account  random sampling e r r o r .  It does no t  account f o r  

p o t e n t i a l  e r r o r  due t o  an assumed i n c o r r e c t  model o r  b l ssed  exposure est imates. 

To  show how a  d i f f e r e n t  assumed model cou ld  i n f l u e n c e  risk esttmates, t h e  

following ad-hoc " t h r e s h o l d "  model can be considered. ? h i s  model i s  not  based 

on any b t01og icb l  i n fo rma t ton .  It s imp ly  uses t h e  h l g h e s t  dose grotlp w i t h  no 

observab le  statistically e l e v a t e d  r i s k  as t h e  t h r e s h o l d  and assumes i t n e a r t t y  

i n  accumulated dose beyond t h a t  p o i n t .  It 4s assumed t h a t  

where 1454, the guessed-at th resho ld ,  t s  t h e  boundbry po fn r  o f  t h e  maximum 

exposed group f n  ug/m3-years. For  t h i s  model an es t ima te  of & I s  

I n  Table 25 t h o  f i t  o f  each model i s  shown and eva lua ted uSlng t h e  x2  
goodness-of - f l t  t e s t .  

Ue n o t e  t h a t  b o t h  t h e  " th resho ld "  and l i n e a r  models g1ve r n  adequate fit 

t o  t h e  data. As a  r e s u l t ,  arguments o t h e r  than p u r e l y  s t a t i s t i c a l  must be  

used t o  s e l e c t  t h e  a p p r o p r i a t e  model. 



TABLE 25. GOODWSS-OF-FIT HOOELS FITTED TO THE JHUN DATA 

Exposure 
interval 

Number of cases expected under 
linear rode1 using as the 

estimate of parameter A the 
~q/m3-y ears 
kidpoint Lower bound HLE Upper bound 

Expected number of cases 
under threshold mode) 

b = 2.65 x if 1 > 1754 Observed 
A = 0 i f  X < 1754 

XZ yoodness-of-f i t  stat ist ic  

7.971 1.567 3.364 2.070 
-~ -- 
SOURCE: Thun, l e t t e r  of April 10. 1984; Thun et  a! . .  1985. - 



" - 
R l s k  due t o  a constant  l i f e t i m e  exposure o f  

Model used 1 ug/m3 10 ug/m3 100 ug/m3 

bi near nonthresho ld  

Upper bound 3.5 x 10-3 3.4 x 10-2 2.9 x 10-I 

HLE 1.8 K l V 3  1.8 x 10-2 1.7 x 10'1 

Lower bound 1.7 x los4 1.7 w 10-3 1.6 x 10-2 
I * i 

Threshold model 0.0 0.0 3.7 x 10-1 

aUsed t n  t h e  E x t e r n a l  Revtew D r a f t  o f  the  Updated M u t a g e n i c i t y  and Carctnogeni-  
c i t y  Assessment o f  Cadmium, prepared by t h e  O f f t c e  o f  Health and Environmental 
Assessnent , U.S. Environmental P r o t e c t i o n  Agency, A p r i l  1984. 

SOURCES: fhun,  l e t t e r  o f  A p r i l  10, 1984; f h u n  et al., 1985, I 



u r ~ i t  r i s k  r s t ( m l t e  o f  1.8 x 10.3. A h l y h e r  est imate of 3.5 x l om3 would b k  

oh ta ined  i f t h e  95% upper bound o f  t h e  varalneter were used. However, i t  i s  

f e l t  t h a t  t h l s  i s  an unnecessary added l e v e l  Of  Conservatlsm, s lnce  t h e    nod el 

used a l ready  i n f l b t e s  t h e  r i s k  es t lma te  i f non l inear  components e x l s t  o r  

confound1 ng ?ac to rs  are  present.  

Tho u n i t  r i s k  es t ima te  based on t h e  anlnlal b l o a s ~ b y ,  9.2 x 10-2, a l s o  

g ives  a h i g h e r  'estimate. However, species d l f fe rences and cadmium form d l f -  

fe rences make an es t ima te  f rom t h i s  source i n t r i n s t c a l l y  l e s s  r e l i a b l e  t h e n  

t h e  one d e r i v e d  f rom t h e  assumed human exposures, I n  addition, f t  must he 

kept  t n  mind t h a t  these bre  upper-bound est imates,  The t r u e  u n i t  r l s k  cou ld  

range from t h i s  upper bound t o  a ve ry  s m a l l  value approachtng zero. 
- 

RELAf f V E  POTENCY 

One of t h e  uses o f  t h e  concept o f  u n i t  r i s k  1s t o  compare t h e  r e l a t l v e  

po tenc ies  o f  carcinogens. For  t h e  purposes o f  t h e  present analysts.  potency 
.. . . . ..... :.. .. . . * _  . 

I s  de f ined  as t h e  l i n e a r  p o r t l o n  o f  t h e  dose-response curve, and i s  used t o  

c a l c u l a t e  t h e  r e q u i r e d  u n l t  r i s k  fac tors .  In t h l s  secrlon, t h e  potency 0 f  

cadmtum i s  compared w i t h  t h s t  o f  o t h e r  chemicals t h a t  t h o  CAG has eva lua ted  

as suspect carcinogens. To es t imate  t h e  r e l a t i v e  potency on a p e r  mole 

bas i s ,  t h e  u n l  t r i s k  s lope f a c t o r  i s  mu1 t i p 1  i e d  by t h e  molecu lar  we igh t  and 

t h e  r e s u l t i n g  number. expressed i n  terms o f  (mo1/kg/day) ' l ,  i s  c a l l e d  t h e  

re1 a t i  ve potency index. 

F igu re  2 i s  a h ls tograrn rep resen t i ng  t h e  frequency d 1 s t r t b u t l o n  o f  r e l a -  

t i v e  potency i n d l c e s  f o r  54 chemicals t h a t  have been evaluated by  t h e  CAG as 

suspect carcinogens. The a c t u a l  da ta  summarized by t h e  h ls toyram a r e  presen- 

t e d  i n  fable  27, Where human da ta  have bean available f o r  a Compound, Such 

da ta  have been used t o  c a i r u l a t e  these I n d t r a l .  Yhere no huindn d.t.8 have been 



ATTACHMENT C 

PART A OF THE JUNE 1986 CADMIUM RISK ASSESSMENT 
SHOULD BE REVISED TO INCLUDE BUNKER c FUEL-OIL USE 

BY SHIPS, AND TO DISTINGUISH 
BETWEEN INDUSTRIAL STEAM GENERATOR FUEL USE 

AND OTHER FUEL USE CATEGORIES 

The California Energy  omm mission (CEC) March 14, 1986 staff draft 
Biennial Fuels Report lists in Table A-2, page A-4 of that 
report, fuel deliveries by category through 1984. Converting 
their data, expressed as trillion BTUs, into million gallons of 
oil1 yields the following: 

Fuel Oil Deliveries Residual Only Residual and other2 
by End User Cateqory 1983 1984 - 1983 - 1984 

Electric Utilitv 439 148 43 9 148 - -- 
Residential 
Commercial 
Indusrri a1 
Transportation 2 , 2 5 8  2,923 2; 923 2,923 

PGandE recommends that M e  utility fuel use in Appendix C of the 
ARB'S Part A Cadmium Report be revised to reflect the 1984 data. 
That data, which indicates emissions decreased by a factor of 3, 
appears more representative of current fuel use projections. 

PGandE notes that the ARB estimate of industrial boiler residual 
fuel use in Appendix C is roughly three times the corresponding 
CEC estimate for all industrial residual fuel oil deliveries. 
That difference should be explained. If it reflects the 
inclusion of oil field steam generator combustion of heavy crude, 
PGandE recommends that such heavy crude emissions be separately 
calculated and listed. The heavy crude generally used in such 
steam generators is likely to be far higher in sulfur and heavy 
metal content than the corresponding low sulfur residual fuels 
more typically used by other industries. Also, i t  is likely that 
such emissions will either substantially decrease if current oil 
prices prevail, or will be replaced by hatural gas fueled 
cogeneration projects if oil prices return to previous highs. 

I Assuming 42 gallons/6.25 million BTU. 

2 llOtherlt is other than motor gasoline, distillate, and 
residual and presumably includes both crude combustion and 
feedstock use. 



Given t h a t  t h e  CEC i d e n t i f i e s  n ine  t i n e s  as much r e s i d u a l  f u e l  
oil u s e  i n  t h e  s h i p  and r a i l  t r a n s  o r t a t i o n  s e c t o r  as i n  t h e  ?. i n d u s t r i a l  s e c t o r ,  and t h e  ARB i d e n t i  ies i n d u s t r i a l  b o i l e r s t  use 
of r e s i d u a l  f u e l  o i l  a s  t h e  second l a r g e s t  source of cadmium 0 emission i n  t h e  s t a t e ,  t h e  r e p o r t  should be rev i sed  t o  inc lude 
ship and r a i l r o a d  use  of Bunker C f u e l  o i l .  The r e p o r t  should 
a l s o  consider  a v i a t i o n  f u e l  use ,  which t h e  CEC es t imated was 
2 ,634  m i l l i o n  ga l lons  i n  1984. 

PGandE recommends t h a t  ARB Tables 111 (page 14) and 111-1 
(page 111-5) be rev i sed  t o  more accura te ly  r e f l e c t  the d a t a  i n  
Appendix C. As d e t a i l e d  i n  Appendix C ,  i n d u s t r i a l  b o i l e r  
r e s i d u a l  fue l  use con t r ibu tes  more t han  70 percent  of t o t a l  
r e s i d u a l  f u e l  emissions and more t han  60 percen t  of t o t a l  o i l  
combustion emissions. Y e t  no mention of t h i s  appears i n  e i t h e r  
t a b l e  o r  i n  the d e s c r i p t i v e  paragraph on page 111-6. PGandE 
recommends t h a t  Table I I1 be rev i sed  t o  rep lace  t h e  o i l ,  coa l ,  
and motor veh i c l e  ca tegor ies  w i th  t h e  following: i n d u s t r i a l  
steam genera to rs ;  o the r  s t a t i o n a r y  source f u e l  combustion; motor 
v e h i c l e  f u e l  combustion; and o t h e r  nob i le  source f u e l  combustion. 
I n  Table 111-1, t h e  I t i ndus t r i a l  steam generator" ca tegory  should 
be subdivided i n t o  i ts  primary con t r i bu to r s ,  presumably low 
s u l f u r  f u e l  o i l  b o i l e r s  and high s u l f u r  oil f i e l d  steam 
genera to rs .  S imi la r ly ,  t h e  "o ther  mobile sourcett  ca tegory  sho-uia 
be subdivided i n  Table 111-1 i n t o  s h i p ,  r a i l ,  and av ia t i on  f u e l  
r e l a t e d  emissions.  The o ther  ca tegor ies :  u t i l i t y  r e s i d u a l  f u e l ,  
commercial r e s i d u a l  fuel, d i s t i l l a t e  f u e l  o i l ,  coa l ,  waste o i l ,  
and s ludge i n c i n e r a t i o n  a r e  comparatively i n s i g n i f i c a n t .  
Nevertheless ,  we recommend a l s o  l i s t i n g  each such ca tegory  i n  
Table 111-1 t o  g ive  t h e  p u b l i c  a b e t t e r  perspect ive  of t h e  
r e l a t i v e l y  low l e v e l s  of  such emissiona. 

I n  1984, PGandE sampled cadmium concentra t ions  i n  t e n  f u e l  o i l  
t anks  a t  s i x  d i f f e r e n t  PGandE power p lan t  s i t e s .  Concentrations 
i n  t h r e e  t anks  were below t h e  i n i t i a l  de t ec t i on  l i m i t  of 0 . 5  ppm. 
Concentrat ions i n  t h e  remaining e i g h t  t anks  averaged 0.39 ppm, 
wi th  none measured higher  than  0 .52  ppm o r  lower than 0 . 3 1  ppm. 
T h i s  d a t a  is c o n s i s t e n t  with the 0.38 ppm da ta  previously  
submitted by Southern C a l i f o r n i a  Edison. PGandE there fore  
recommends that the  ARB n o t  cont inue  to imply t h a t  concentra t ions  
ranging a s  high a s  5 . 1  ppm would be equal ly  l i k e l y .  

Since u t i l i t y  emissions a r e  i n s i g n i f i c a n t  even a t  5 .1  ppm, and 
s ince  s i m i l a r  ranges a r e  n o t  ca l cu l a t ed  f o r  i n d u s t r i a l  b o i l e r  
r e s i d u a l  f u e l  use where t h e  v a r i e t y  of source en i ss ioh  con t ro l s  
and permiss ib le  s u l f u r  content  is f a r  higher  and suggest ive  of 
far g r e a t e r  v a r i a t i o n s  i n  cadmium emissions, PGanS recomerids 
t h a t  on ly  t h e  0.38 ppm u t i l ' i t y  es t imate  be r e f l e c t e d  i n  Table 111 
and 111-1. 
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W ~ s t ~ r n  Oil and Gas Association 
727 West Seventh Slreet. Los Angeles. Calilornla 90317 
12121 627-4866 

a August 19, 1986 

?ler&rs of the  Board 
Cal i fornia  Air Resources Board 
1102 ."Q" S t r e e t  
S a c r a n t o ,  CA. 95812 

Subject: Camments of t he  Western O i l  and Gas 
Association on Draf t  Report t o  the  A i r  
Resources Board on Cadmium 

Dear aoard Members: 

Once again Western O i l  and Gas A s m i a t i o n  (PJffiA) apprf f ia tes  t h e  
opportunity to c m n t  on the r i s k  assessment procedure as applied by 
the Air Resources Board (ARB) to .contro1 ambient a i r  concentrations 
of hazardous mater ia ls  i n  Cal i forn ia .  The t h r u s t  of t he  following 
m n t s  is d i rec ted  to the d r a f t  cadmium document. There is much t o  
support i n  t he  work. However, t h e  f i n a l  range is ta small to 
describe prec ise ly  the inherent  uncer ta in t ies  i n  the  r i s k  e s t i m t e .  
Further,  the  degree of uncer ta inty in the  cadmium r i s k  assessment is 
minimized by mathemt ica l  manipulation which-my be unjust i f ied 
i . . ,  DHS recalculated animal da t a  disregarding conversions f o r  
dif ferences  in m t a b o l i c  r a t e ) .  I n  addit ion,  it appears tD K G A  chat  

0 the  Department of Health Services (DHS) has n o t  been consis tent  i n  
its approach to u t i l i z i n g  ava i lab le  M n  data  f o r  r i s k  assessnent. 
In  some cases  (e.g., benzene) animal data  were used when val id  human 
data were ava i lab le  and i n  o ther  instances (eig. ,  cadmium) t h e  
reverse is true. 

I n  regard to the  cadmium d r a f t  r e p r t ,  we wholeheartedly mncur with 
t he  use of human over animal da ta .  Our e x p r i e n c e  has consis tent ly  
found the humn e x p r i e n c e  to be mre valuable in predict ing ac tua l  
human r i sk .  As DHS s t a t e s  i n  t'ne cadmium dccument, t he  possible 
r o l e s  of chance, b i a s ,  and/or confounding var iables ,  in d i s to r t i ng  
the  t r u e  dose response r e l a t i onsh ip  in the occupational study, were 
l i k e l y  to be small. The ne t  d i r ec t ion  of these po ten t ia l  e r r o r s  
was m r e  l i k e l y  t o  r e s u l t  i n  an overestimate of substance potency. 
Thus, we bel ieve a s  does D ' i  t h a t  use of the  epidemiologic data  i n  
quan t i t a t i ve  r i s k  assessment is appropriate. 

Two as smpt ions  lead to a confidence i n  the  calculated r i s k  f o r  
cadmium t h a t  may be unwarranted. Although we agree t h a t  a range of 
r i s k  is proper, in the case of cadmium the upper bound r i s k  expressed 
by DHS (2 x to 12 x per  ny/m3) is too small a range to be 
usefu l  and could mislead the  r i s k  manager by assigning m r e  
confizence than perhaps should be given t o  the  e s t i m t i o n .  p n y  
c r i t i c a l  assumptions a f f e c t  t h i s  ranqe, e.g., the  extrapolation 
d e l ,  exposure assumptions, chenical  speciation.  In view of t he  
f a c t  t h a t  EPA concluded a simple th . resbld d e l  would adequately f i t  
the da t a ,  zero w u l d  be appropria te  for  a .  lo.wer range. Clearly,  
a broad& ranse would more appropriately descr ibe t h e  breadth of . \  
uncerta inty we a l l  agree e x i s t s .  E'urther, the  recalculat ion of the 

'> .. -..;! 

animal d a t a ,  disregarding a n v e r s i o n s  for  metabolic r a t e ,  has given , I ,v.- \ .' Q 
a : 5 



t-&nkrs of the A i r  Resources Board 
August 19, 1986 
Page 'No 

f igures  which a r e  very c lose  to the upper b u n d  r i s k  predicted by the  
epidemiolqy. This congruence may be coincidental  and DHS's use 
of this data  to lend addi t iona l  s u p p r t  to the r i s k  predicted fran 
t h e  human data  is inappropriate. Given the  large number of viable 
assumptions, myriad p s s i b i l i t i e s  could be s u p p r t e d  with some 
manipulation of the data.  

Our review of the d r a f t  r i s k  assessnent fo r  cadmium has suggested 
inconsis tencies  in D B ' s  use of human epidemiology. f o r  r i s k  
assessment. In  cont ras t  to t h e  approach taken fo r  cadmium, the 
benzene r i sk  assessment was ca lcu la ted  from animal da ta  although 
humn data was avai lable .  This was a p p r e n t l y  ju s t i f i ed  by the  f a c t  
t n a t  it is c m n  prac t ice  to  use the 95% confidence l i m i t  based 
on the most sens i t i ve  site and s p c i e s .  WCGA believes the cadmium 
approach appl ies  equally to the  benzene database. We do not  believe 
t h a t  animal s tud ies  are more than a surrogate fo r  adequate 
epidemiolqy. Thus, val id  epideniological  s tudies  a r e  the  best  
source of data ,  eliminating the  inherent  uncertainty i n  extrapolating 
from animals t o  humans. The inconsistency of the  approaches is 
perplexing i n  t h a t  DHS argues f i r s t  fo r  u t i l i z a t i o n  of a n h l  data  
(benzene) and then fo r  employment of human da ta  (cadmium). 

The upper bound r i s k  f o r  benzene was derived f r g  da t a  an the most 
s ens i t i ve  site i n  animals, the  p repu t i a l  gland i n  mice, a site which 
has no human analogue. More appropriate  data  might have been the  
epidemiology which DHS us& to der ive  the lower bound r i s k  
calculation. Again, a s  DHS concludes i n  the cadmium r i s k  assessnent,  @ even the use of the  epidemiology da ta  is l i k e l y  ta r e s u l t  in an 
overestimation of r i sk .  

lb conclude, WOGA urges ARB and DHS to: 

0 Be consis tent  i n  the approach and assumptions which 
underl ie  r i sk  iissessment f o r  each cheinical considered; 

O Use h m n  over animal da t a  when available;  

0 Comunicate the  uncertainty inherent i n  the  es t inn t ion  of 
r i s k ;  and 

0 Avoid statements which unjus t i f iab ly  diminish the 
uncertainty as t h i s  i s  misleading to the r i s k  m a g e r  and 
m y  cause misappropriation of  Limited resources. 

Sincerely yours, 

Fsber t  Harrison 
v i c e  President and 

General Manager 

m:va 
c c  : M r .  B i l l  ~ o s c u t o f f ,  ARB 

Chief, Toxic Pol lu tan ts  Branch 



A I R  RESOURCES BOARD STAFF RESPONSES TO PUBLIC COMMENTS ON 

THE JANUARY 1986 DRAFT REPORT 

Comment: Southern C a l i f o r n i a  Edison (SCE) c la ims t h a t ,  i n  d e r i v i n g  an 

emission f a c t o r  f o r  u t i l i t y  b o i l e r s  burn ing  f u e l  ( res idua l  ) o i l  , 

t h e  ARB took t h e  average o f  the  h ighes t  i d e n t i f i e d  emission r a t e  

from t h e  Taback Study and the  est imate from the Krishnan Study 

which app l i es  t o  u t i l i t y  b o i l e r s  w i t h  an e i e c t r o s t a t i c  p r e c i p i t a t o r  

(ESP) c o n t r o l  device. 

Response: The ARB emission f a c t o r  f o r  u t i l i t y  b o i l e r s  was based on a l l  f f v e  

t e s t s  repor ted  i n  the Taback Study. S t a f f  noted t h a t  SCE d i d  no t  

l i s t  data from one o f  these t e s t s  (824)  i n  i t s  analys is .  Although 

C a l i f o r n i a  u t i l i t y  b o i l e r s  a r e  n o t  equipped w i t h  ESPs, Taback et.  

a l .  concluded t h a t  the  ESP i s  a  b e t t e r  c o n t r o l  device f o r  u t i l i t y  

b o i l e r s  than f a b r i c  f i l t e r s  (baghouses) o r  scrubbers.  heref fore, 

ARB s t a f f  be l ieves  the  emission f a c t o r  was reasonably der ived,  and 

represented t h e  best  es t imate  based on a v a i l a b l e  data. Because 

ESPs are n o t  used by C a l i f o r n i a  u t i l i t i e s ,  and o t h e r  c o n t r o l  

devices are  l e s s  e f f i c i e n t  (according t o  Taback), s t a f f  be l i eves  

t h a t  use o f  t e s t s  from ESP-equipped u t i l i t y  b o i l e r s  would, i f  

anything, unders ta te  cadmium emissions. 

Comment: SCE po in t s  ou t  t h a t  the  cadmium content  o f  crude and f u e l  

( r e s i d u a l )  o i l s  var ies  w ide ly ,  and the re fo re  data which are  most 

rep resen ta t i ve  o f  C a l i f o r n i a  power p lan ts  should be used t o  

es t imate  emissions. SCE s ta tes  t h a t  the  average measured cadmium 

concentrat ions i n  f u e l  o i l  a t  two SCE power p lan ts  i s  0.1 ppm. 



Response: ARB s t a f f  agree t h a t  there may be var ia t ion in  t race  element 

concentrations in fuel o i l s ;  t o  r e f l e c t  t h i s ,  ARB s t a f f  has revised 

the report  t o  include a range of emissions. Data provided by SCE 

subsequent t o  the issuance of the  d r a f t  Report on Cadmium (December 

1985) indicates  t h a t  concentrations below 0.01 ppm have been 

measured in fuel o i l s  a t  SCE power plants. This information was 

used to  develop a low emission fac tor  of 8.3 l b  Cdlgallon 

o i l .  A high emission fac tor  of 5.1 lom6 l b  Cdlgal o i l  was 

calculated from the Krishnan Study. Using these emission f ac to r s ,  

emissions from u t i l i t y  bo i le r s  were estimated t o  range between 0.02 

and 1.1 tons year. This range brackets emissions calculated from 

the 0.1 ppm average cadmium i n  fuel o i l  reported by SCE. 

Comment : The Cadmium Council, Inc. argues t h a t  airborne exposure t o  cadmium 

i s  minimal, and t h a t  t h i s  i s  a reason not to l i s t  cadmium as  a 
e 

toxic  a i r  contaminant. 

Response: Review of data on atmospheric cadmium concentrations in  the  S ta te  

shows t h a t  the  average population exposure ranges between 1 and 2.5 

3 
ng/m ( f o r  21 mill ion people), w i t h  long-term exposure near three  

3 large sources predicted t o  be 40 ng/m ( f o r  57,000 people). 

Using DHS recommended dose-response values,  the  resu l t ing  excess 

l i fe t ime  cancer r isk  i s  from 2 t o  30 per million for  a large number 

of Californians,  and a worst-case excess l i fe t ime  cancer r i sk  is  80 

to 480 per million for  almost 60,000 people l iv ing  close t o  sources. 



Comment: CalMat Co. po in ted  o u t  t h a t  ou r  est imates o f  1981 C a l i f o r n i a  cement 

product ion were h igh  by a f a c t o r  o f  3.7. 

Response: ARB acknowledges t h i s  e r r o r  and has co r rec ted  it; data on 

C a l i f o r n i a  cement p roduct ion  f o r  1984 have been used i n  the  rev ised 

r e p o r t  (Pa r t  A, p. 111-6, and Appendix C t o  P a r t  A, p. C-4). 

Comment: CalMat Co. po in ted  o u t  t h a t  approximate ly  1.6 tons o f  feed ma te r ia l  

t o  the  r o t a r y  k i l n  a re  needed t o  produce one ton  o f  c l i n k e r  (no t  

cement, as s t a t e d  i n  the  repo r t ) .  

Response: According t o  t h e  Bureau o f  Mines o f  t h e  Uni ted States Department o f  

t h e  I n t e r i o r  ( I ) ,  "About 1.8 tons o f  raw m a t e r i a l  a re  requ i red  t o  

manufacture 1  t o n  o f  f i n i s h e d  cement; 1.7 tons are  used t o  make 

c l i n k e r ,  and t h e  remaining 0.1 ton  i s  added du r ing  t h e  

c l  i nke r -g r i nd ing  process." Two 0the.r references (2. 3 )  repor ted  a  

r a t i o  o f  1.6 t o  1.0 f o r  raw m a t e r i a l  t o  cement. ARB s t a f f  were 

aware of t h e  d i f f e r e n t  r a t i o s  repor ted  by  these references and 

chose t o  use a  conserva t ive  est imate o f  1.6 tons o f  raw ma te r ia l  t o  

1.0 ton o f  cement. 

Comnent: CalMat Co. suggested t h a t  cadmium emissions from cement 

manufactur ing cou ld  be est imated us ing  data on p a r t i c u l a t e  ma t te r  

emissions from t h e  r o t a r y  k i l n s  used t o  produce c l i n k e r .  CalMat 

Co. based t h e i r  est imate on: 

1. s tatewide cement p roduct ion  o f  7.88 m i l l i o n  tons (1981 ); 

2. c l i n k e r  p roduct ion  (approximate ly  95% o f  cement p roduct ion)  of 

7.72 m i l l i o n  tons; 



3. a r a t i o  of 1.6 tons ki ln  feed material to ton of c l inker  

produced, yielding an estimate of 12.4 mill ion tons kiln feed; 

4. the assumption t h a t  a l l  rotary k i l n s  in  California a re  equipped 

w i t h  f ab r i c  f i l t e r  baghouses o r  e l e c t r o s t a t i c  precipi ta tors  

meeting Federal (EPA) New Source Performance Standards of 0.3 

l b .  p a r t i c l e  emissions from the k i l n  per ton of kiln feed, 

giving an estimate of 3.71 mill ion tons of emitted par t icula te ;  

5. a mean concentration of 21 ppm (by weight) cadmium i n  baghouse 

catch dust ,  which was assumed to  be representative of emitted 

par t icu la te  matter. On t h i s  basis ,  CalMat Co, estimated 

cadmium emissions from rotary kilns t o  be 0.039 tonfyear. 

Response: ARB s t a f f  agrees w i t h  CalMat Co. t h a t  cadmium emissions from cement 

manufacturing can be estimated using estimated par t icula te  matter 

(PM) emissions. However, CalMat Co. appears t o  have considered 

only estimated PM emissions from rotary kilns and has excluded 

emissions from other par ts  of the overall cement manufacturing 

process. Attached i s  a copy of t he  flow diagram of the  Portland 

cement manufacturing process from the "Compilation of Air Pollutant 

Emission Factorsu,  Fourth Edition (3). As seen i n  the diagram, the 

cement manufacturing process includes 1 )  quarrying and crushing, 

2) raw material s torage,  3 )  grinding and blending, 4 )  f i n i sh  

grinding, and 5 )  packaging. These processes a r e  a l so  potential 

sources of PM emissions. Normally, the  emissions from quarrying, 

crushing, and raw material storage a r e  not controlled. 
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Figure 8.6-1. Baslc flow diagram of pat land cement manufacturing process. 



I n  1984, C a l i f o r n i a  cement manufactur ing p lan ts  produced 8.72 

m i l l i o n  tons o f  cement (4)  and emi t ted  approximate ly  3.030 tons of  

PM ( 5 )  exc lud ing  PM emissions from fue l .  

Assuming the cadmium concent ra t ion  i n  t h e  cement k i l n -  dus t  removed 

from the  r o t a r y  k i l n  baghouse o r  ESP equals the cadmium 

concent ra t ion  i n  t h e  p a r t i c u l a t e  mat ter ,  cadmium emissions from 

cement manufacturing can be est imated from t o t a l  PM emissions and 

the  cadmium concent ra t ion  i n  cement k i l n  dust. 

The cadmium concent ra t ion  i n  cement k i l n  dus t  from 9 C a l i f o r n i a  

cement p lan ts  ranged from 5 ppm -to 352 ppm and averaged 79 ppm 

(6 ,7 ) .  Using these data and t h e  t o t a l  PM emissions, the  1984 

cadmium emissions from C a l i f o r n i a  cement p l a n t s  a r e  est imated t o  be: a 
Est imate based on mean 

Lower Est imate Upper Est imate Cd concent ra t ion  

(TPY) (TPY) (TPY) 
0.015 1.1 0.24 

We have l i s t e d  t h i s  range o f  0.02 t o  1.1 tons lyear  as cadmium 

emissions from cement manufacturing (see Overview, p. 14, Pa r t  A, 

p. 111-5, and Appendix C, p. C-4). 



A I R  RESOURCES BOARD STAFF RESPONSES TO PUBLIC COMMENTS ON 

THE JUNE 1986 DRAFT REPORT 

Comment: PG&E recommends t h a t  t h e  f u e l  use i n  Appendix C o f  t h e  ARB'S Par t  A 

Cadmium Report be rev i sed  t o  r e f l e c t  1984 data. 

Response: 1984 data were n o t  a v a i l a b l e  a t  t h e  t ime t h e  o r i g i n a l  cadmium 

emission es t imate  f o r  r e s i d u a l  o i l  combustion was made. We have 

updated the est imate t o  r e f l e c t  1984 data. 

Comment: "PG&E notes t h a t  t h e  ARB es t imate  o f  i n d u s t r i a l  b o i l e r  res idua l  

f u e l  use i n  Appendix C i s  rough ly  t h r e e  t imes the  corresponding CEC 

es t imate  f o r  a l l  i n d u s t r i a l  r es idua l  f u e l  o i l  d e l i v e r i e s .  That 

d i f f e r e n c e  should be explained. I f  i t  r e f l e c t s  t h e  i n c l u s i o n  o f  

o i l  f i e l d  steam generator combustion o f  heavy crude, PG&E 

recommends t h a t  such heavy c&de emissions be separa te ly  c a l c u l a t e d  

and l i s t e d .  The heavy crude genera l l y  used i n  such steam 

generators i s  l i k e l y  t o  be f a r  h igher  i n  s u l f u r  and heavy metal 

content  than t h e  corresponding low s u l f u r  res idua l  f u e l s  more 

t y p i c a l l y  used by  o the r  i n d u s t r i e s .  Also, i t  i s  l i k e l y  t h a t  such 

emissions w i l l  e i t h e r  s u b s t a n t i a l l y  decrease i f  c u r r e n t  o i l  p r i ces  

p r e v a i l ,  o r  w i l l  be replaced by n a t u r a l  gas fue led  cogenerat ion 

p r o j e c t s  i f  o i l  p r i ces  r e t u r n  t o  previous highs." 

Response: Crude o i l  burned i n  b o i l e r s  o r  steam generators a t  t h e  o i l  f i e l d s  

may be inc luded under r e s i d u a l  f u e l  o i l  i n  the s t a f f  estimate. The 

emission data system (EDS) showed approximately 1.13 b i l l i o n  

ga l lons  o f  o i l  burned i n  t h e  i n d u s t r i a l  category. O f  t h i s ,  

aprox imate ly  80 percent i s  burned f o r  o i l  and gas product ion  



a c t i v i t i e s  (8). However, t h e  data used d i d  n o t  d i f f e r e n t i a t e  

between res idua l  o r  crude o i l .  Therefore, we cannot sepa ra te l y  

est imate cadmium emission from r e s i d u a l  o r  heavy-crude o i l  

combustion f o r  t h i s  category. However, we agree w i t h  PG&E t h a t  

heavy crude o i l  burned a t  o i l  f i e l d  generators I s  h ighe r  i n  s u l f u r  

and metal content  comparing t o  o i l  t y p i c a l l y  used by o t h e r  

indus t r ies .  Thus, i f  crude o i l  i s  used, cadmium emissions from o i l  

combustion may be underestimated. 

There i s  u n c e r t a i n t y  about f u t u r e  f u e l  use. We do n o t  have an 

adequate basis  t o  assume a  s u b s t a n t i a l  decrease i n  cadmium 

emissions from res idua l  o i l  combustion f o r  the  i n d u s t r i a l  ca tegory  

as suggested by PGBE. 

Comment: a )  "Given t h a t  the  CEC i d e n t i f i e s  n lne  t imes as much r e s i d u a l  f u e l  
- 

o i l  use i n  the  s h i p  and r a i l  t r a n s p o r t a t i o n  sec tor  as i n  the  

i n d u s t r i a l  sector ,  and t h e  ARB i d e n t i f i e s  i n d u s t r i a l  b o i l e r s '  use 

o f  res idua l  f u e l  o i l  as the  second l a r g e s t  source o f  cadmium 

emission i n  t h e  s ta te ,  the r e p o r t  should be rev i sed  t o  i n c l u d e  s h i p  

and r a i l r o a d  use o f  Bunker C f u e l  o i l .  b) The r e p o r t  should a l s o  

consider  a v i a t i o n  f u e l  use, which t h e  CEC est imated was 2,634 

m i l l i o n  ga l lons  i n  1984." 

Response: a )  Even though CEC r e p o r t s  t h a t  the  res idua l  f u e l  o i l  used b y  the  

t r a n s p o r t a t i o n  sec to r  i s  approximate ly  n lne  t imes h igher  than t h a t  

f o r  the i n d u s t r i a l  sec to r  ( 9 ) ,  we have n o t  been a b l e  t o  document 

t h e  use o f  such a  l a r g e  amount o f  f u e l  use i n  C a l i f o r n i a .  We 

suspect t h a t  much o f  i t  i s  used by ships ou ts ide  coas ta l  waters. 



O f  t h e  amount o f  res idua l  f u e l  o i l  repor ted  by CEC i n  t h e  

t r a n s p o r t a t i o n  sector ,  we have o n l y  been ab le  t o  document about 2 

percent i n  C a l i f o r n i a  (9.10). I n  the r e v i s e d  cadmium r e p o r t ,  

cadmium emissions w i l l  a l s o  be est imated f o r  sh ips  and t r a i n s  under 

res idua l  and d iese l  combustion categor ies.  respective1.y. However, 

these emissions w i l l  n o t  be separa te l y  l i s t e d .  

b )  We are  aware o f  t h e  f a c t  t h a t  cadmium emissions would a l s o  

r e s u l t  from a v i a t i o n  f u e l  combustion; however, we have no data t o  

est imate cadmium emissions f o r  t h i s  category. 

Comment: "PG&E recommends t h a t  ARB Tables I 1 1  (page 14)  and 111-1 

(page 111-5) be rev i sed  t o  more accu ra te l y  r e f l e c t  the  data i n  

Appendix C. As d e t a i l e d  i n  Appendix C, i n d u s t r i a l  b o i l e r  res idua l  

f u e l  use c o n t r i b u t e s  more than 70 percent o f  t o t a l  res idua l  f u e l  

emissions and more than 60 percent  o f  t o t a l  o i l  combustion 

emissions. Yet no mention o f  t h i s  appears i n  e i t h e r  t a b l e  o r  i n  

the  d e s c r i p t i v e  paragraph on page 111-6. PG&E recommends t h a t  

Table I 1 1  be rev i sed  t o  rep lace the  o i l ,  coal  and motor veh i c le  

ca tegor ies  w i t h  t h e  fo l l ow ing :  i n d u s t r i a l  steam generators; o the r  

s t a t i o n a r y  source f u e l  combustion; motor veh i c le  f u e l  combustion; 

and o t h e r  mob i le  source f u e l  combustion. I n  Tab1 e  111-1 , the 

- " i n d u s t r i a l  steam generator"  ca tegory  should be subdiv ided i n t o  i t s  

pr imary con t r i bu to rs ,  presumably low s u l f u r  f u e l  o i l  b o i l e r s  and 

h igher  s u l f u r  o i l  f i e l d  steam generators. S im ia r l y ,  the  "o the r  

mobi le  source" category should be subdivided i n  Table 111-1 i n t o  

ship, r a i l ,  and a v i a t i o n  f u e l  r e l a t e d  emissions. The o the r  



categories: u t i l i t y  residual fue l ,  commercial residual fuel , 

d i s t i l l a t e  fuel o i l ,  coal,  waste o i l ,  and sludge incineration are  

comparatively insignif icant .  Nevertheless, we recommend a1 so 

l i s t i n g  each such category i n  Table 111-1 to  give the public a 

be t te r  perspective of the  r e l a t i ve ly  low leve ls  of such emissions." 

Response: Table 111 and 111-1 of the cadmium report  will  be revised and the 

cadmium emissions from u t i l i t i e s  will  be mentioned. We do not 

believe i t  i s  necessary t o  grea t ly  expand the de ta i l  i n  Table 111-1 

a t  t h i s  time as suggested by PG&E. Should airborne cadmium be 

l i s t e d  as  a toxic  a i r  contaminant, emission estimates for  cadmium 

will be refined and detai led t o  support r isk  management a c t i v i t i e s .  

Comment: a )  "In 1984, PG&E sampled cadmium concentrations i n  ten fuel o i l  

tanks a t  s i x  d i f f e r en t  PG&E power plant s i t e s .  Concentrations i n  
- 

three  tanks were below the i n i t i a l  detection l imi t  of 0.5 ppm. 

Concentrations i n  the remaining e igh t  tanks averaged 0.39 ppm, w i t h  

none measured higher than 0.52 ppm o r  lower than 0.31 ppm. This 

data i s  consistent w i t h  the 0.38 ppm data previously submitted by 

Southern California Edison. b) PG&E therefore recommends tha t  the 

ARB not continue t o  imply t h a t  concentrations ranging as high a s  

5.1 ppm would be equally l ike ly ."  

Response: a )  We dppreciate PG&E providillg information on the cadmium 

concentrations of residual o i l  used a t  i t s  plants. These data will 

be considered i n  estimating cadmium emissions from residual o l l  



b) A f ac to r  o f  5.1 ppm was not  used t o  develop the  high est imate 

f o r  u t i l i t y  bo i l e rs .  The fac to r  used previously was 5.1 l b s  Cd per 

m i l l  ion  ga l lons  o f  o i l  burned. New estimates based on a  f ac to r  o f  

0.52 ppm have been developed. 
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P evartment of Health S ervi c es 

Staff Responses to Comments from the 

Scientific Review Panel 

(January 1986 Draft) 

Comment : 

The SRP stated that the DHS did not appear to have a policy for 

determining when to use animal data and when to use human data in a risk 

assessment. 

Resuonse: 

The policy of the DHS staff has been to use the best evidence available 

for the risk assessment. The choice of human or animal data has been made 

on a case-by-case basis. 

Human data are clearly preferable where studies are well designed and 

exposure .is well documented, since this eliminates the uncertainty arising 

from interspecies extrapolation. Frequently, human exposure has not been 

well documented. In addition, information about potential confounding 

variables is often lacking. 

On the other hand, in some cases the animal data may not be suitable. 

For example, in the animal data for asbestos, exposures were reported on 

mass basis instead of by fiber count. Since fiber count is the significant 

factor used in evabpating human health effects of asbestos, the DHS staff 

chose to use the human data. - 
Cafiium was the first chemical encountered in the AB 1807 process for 

which there was both a suitable animal study and a well designed human study 

with documented exposure estimates for individual workers and a positive 



dose-response. This made it possible for the DHS staff to conduct two 

separate risk assessments. 

Commenf : 

The SRP stated that DHS staff did not make clear the rationale for 

choosing to use the human-based risk assessment for cadmium. 
' 

ResDonse : 

As noted in the original report, the two risk assessments led to ranges 

of estimated risk that did not overlap. Using a more refined model to 

determine risk, the updated human-based assessment yielded a risk estimate 

about ten- to sixty-fold smaller than the animal-based assessment. In this 

instance, DHS staff chose to recommend the use of the human-based risk 

estimates even though these were smaller than the animal-based ones because: 

(a) the use of a linear model with a correction for the healthy 

worker effect was judged to be sufficiently health-conservative, 

(b) the amount of error in the measures of dose and effect from 'the 

Thun study were probably not large, 

(c) the net direction of these errors was likely to result in an over- 

estimate of cadmium's carcinogenic potency. 

To further clarify our reasons for adopting the human-based risk 

assessment we have expanded the description of the study by Thun et al. and 

the discussion of thd. potential roles of confounding, bias and chance in 

explaining the findings of this study. (Section VII.J.2 P-studies, . 
Res~iratosv cancer-Thun study.) 

DHS staff found the evidence of carcinogenidity in humans to be 

sufficient, but did not state the grounds for this interpretation of the 

0 



evidence, nor the reasons why this conclusion differed from that of the IARC 

and the EPA. 

pesoonse: 

Although the IARC has developed specific criteria for evaluating the 

evidence for human carcinogenicity as sufficient, limited or 'inadequate, the 

study by Thun et al. was not available to that agency when they last 

evaluated cadmium. Based on the evidence available at that time on prostate 

cancer, IARC (1982) concluded that there was limited evidence for 

carcinogenicity in humans. Based on the Thun study, the Environmental 

Protection Agency (EPA. 1985) also classified the evidence as limited. 

While they considered the Thun study to be very strong evidence of human 

carcinogenicity, the lack of another well-conducted study which confirmed 

these results influenced their decision not to classify the evidence as 

sufficient. For the purpose of risk assessment. it is unnecessary for the 

DHS to make such a judgment because cadmium is clearly an animal carcinogen. 

Since the IARC, the EPA and the DHS consider animal carcinogens to be 

potential human carcinogens, cadmium is a candidate for a quantitative risk 

assessment. The document has been revised to reflect this. 

Comment: 

The SRP questioned the recommendation of the DHS staff to use the 

human-based risk asserlsment when the EPA found the animal evidence adequate 

for use in risk assessment. 

pesuonsa: 

The DHS also found the animal evidence adequate for use in risk 

assessment. Both EPA and DHS performed two risk assessments, one based on 

animal data and one based on human data. EPA also chose to recommend their 



human-based risk estimate rather than their animal-based estimate, stating 

"species differences and cadmium form differences make an estimate from this 

source (animal) intrinsically less reliable than the one derived from the 

assumed human exposuresn (EPA, June 1985). Though their choice of model for 

the human-based risk estimation differed from the one used by the staff of 

DHS, the final estimates were quite close. 

Comment : 

The model used by the DHS for quantitative risk estimation may not have 

been the best choice, particularly since it did not accomodate all of the 

data. 

Resvons~: 

DHS staff has revised the risk assessment by fitting a more appropriate 

model which accomodates all of the data. This model regresses the observed 

deaths as a function of two factors: the cumulative dose and the expected 

deaths. This function has two parameters: one for the carcinogenic potency 

of the cumulative dose, and the other for the observed 'healthy worker 

effect." Since the low exposure group experienced a marked deficit of lung 

cancer deaths, these workers can be inferred to represent a healthier group 

than the general population of white males of the same ages. By estimating 

the degree to which the cohort under study differs from the population, this 

model separates the effect of dose from the countervailing healthy worker 

effect. In particular, it ensures a more health-conservative estimate of 

carcinogenic potency. 

Commea: 

The SRP wished to see the range for extrapolation between the observed 

data and the ambient levels in California. 



pes~onse : 

The workers were exposed to cumulative doses which were equivalent to a 

constant 24-hour/day lifetime exposure of concentrations of 2.7, 11.8 and 

41.0 pg/m . Ambient air in California is estimated to contain 

3 concentrations of 1 to 2.5 ng/m . Thus using the daily dose rate, the 

range of extrapolation is (three orders of magnitude) or a 

thousandfold. The median cumulative exposures for the workers were 184, 796 

and 2762 mg-days/ms while the population in California would be expected to 

receive on average, over an 80-year lifespan, .029 to .073 mg-days/ms . (1 

ng X 365 days X 80 years - 29200 ng-days/ms - .029 mg-days/ms.) Thus using 

lifetime cumulative dose, the range of extrapolation is 3-4 orders of 

magnitude. In some hot spots, California residents would be expected to 

3 receive 1.17 mg-days/m representing exposures 2 - 3 orders of magnitude 
lower than the workers' exposures. The range of extrapolation has been 

included in the revised Executive Summary of Part B of the document. 



Deuartment of Health Services 

Staff Resuonses to Public C w e n t s  

(January !Y86 Draft; 

Comment: 

Ciba-Geigy objected to the use of occupationaL exposures for 

extrapolating risks at ambient levels of cadmium, which are several orders 

of magnitude lower. They argued that (a) cadmium levels declined over time, 

(b) workers were also exposed to arsenic, lead and zinc, (c) urine levels 

indicated high exposures, which may have been the result of poor hygiene 

practices, (d) "smoking could have accounted for half the increase," and (e) 

smoking habits were determined retrospectively. 

Ikssmls: 

The uncertainty involved in extrapolating to very low ambient levels is 

acknowledged by DHS staff. However, it is not feasible to directly observe 

the carcinogenic effect of low-level chemical exposures. The only 

quantitative data on cadmium's carcinogenicity are (1) experimental animal 

data involving daily exposures close to the OSHA permissable exposure level, 

and (2) the occupational study by Thun et al. 

The decline in cadmium levels over time was reflected in the exposure 

assessment carried out by Thun et al. The effect of arsenic was evaluated 

by Thun et al.. an'd is discussed in the revised Section VII.J.2 Human 

studies. Resuiratorv cancer: Thun study. The hygiene practices of the 

cohort are not an issue since the risk assessment was based on air 

monitoring data, and the hygiene practices are irrelevant to lung exposures. 

Issues related to smoking have been reviewed (see revisions in VII.J.2 Human 

studies, pesuiratom cancer: Thun study). 
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w: 
Ciba-Geigy argued that studies of environmental cadmium exposures did 

not detect adverse health effects. 

pesuonsa: 

The study by Lauwerys (1984) was not concerned with ca<cinogenicity, 

but with body burdens of cadmium in relation to nephrotoxicity. With regard 

to data from Japan, the commentor provided no references. 

s t  : 

Southern California Edison criticized the ad hoc model which DHS used 

in its risk assessment, and in particular, the exclusion of data which did 

not fit the model. 

FaEQQWe: 

DHS staff has repeated the risk assessment using a different model 

which accommodates all the data. (See revised Section IX.B.2) @ 
Comment : 

Southern California Edison pointed out that DHS staff incorrectly 

assumed that the exposures reported by Thun et al. were quantified in units 

6f CdO (cadmium oxide). 

pesoon=: 

DHS staff acknowledges this error and has corrected it. 

Comment : 

Southern California Edison questioned the background rate for lung 

cancer used by DHS on the grounds that it was higher than the rate used by 

EPA 

Ees~onse : 

DHS staff has employed 1979-80 California age-specific rates for lung 

cancer as the background level. The cumulative lifetime probability of 



dying of lung cancer by age 80 in California is .055 for males and .025 for 

females. (See Appendix D in the revised document.) 

Comment: 

Southern California Edison objected to the use of a nonthreshold model, 

citing the lack of elevated cancer risk in the lowest exposure group of the 

study by Thun ct al. 

Pesnonsa: 

The use of a nonthreshold model is based on theoretical, biological 

considerations. The staff of DHS does not consider occupational 

epidemiological studies to be adequate for evaluating whether a threshold 

process is responsible for inducing cancer. Occupational mortality studies 

have no ability to distinguish mechanisms by which an effect is induced. The 

threshold issue is discussed with regard to the mechanisms specific for 

cadmium-induced carcinogenicity in revised Section VIII. With regard to the 

data of Tfiun et al., the lack of response in the low exposure group can be 

explained as a manifestation of the healthy worker effect, which was also 

observed for cardiovascular deaths. 

Gomment: 

Southern California Edison argued that the evidence for human 

carcinogenicity is not sufficient and that the position of DHS was not 

justified. 

m: 
DHS. staff has revised the document and has.determined that such a 

judgement was unnecessary because there is sufficient evidence to consider 

cadmium an animal carcinogen and therefore a potential human carcinogen. 

(Refer to 'revised Section VII.J.4 CANCER: Conclusion and to DHS staff 

0 responses to SRP comments.) 



Southern California Edison pointed out that the combined effects of 

smoking and arsenic may be greater than the sum of the two. 

&esuonse : 

DHS staff acknowledges that confounding by either of these two risk 

factors and by their interaction could explain some of the excess lung 

cancer deaths. Because of the low levels of arsenic and the data indicating 

a deficit of smokers in the cohort, those two factors are unlikely to 

account for all of the excess, even assuming a multiplicative effect of 

arsenic and smoking. (A full discussion is in the revised Section VII.J.2, 

&.man studies, h-y. Also, see Tables VII-11 to 

VII-14, especially VII-14.) 

Comment: 

Southern California Edison argued that the DHS should refrain from 
? 

recommending upper bound risk estimates until results are available from the 

nested case/control study being conducted by Thun et al., and until 

uncertainties in this study have been resolved. 

Besuons<: 

The DHS is mandated to provide a quantitative risk assessment under 

California Health and Safety Code 39660. We have attempted to utilize all 

of the most recent available data in our evaluations and estimates of risk, 

including the presentations by Dr. Lamm and Dr. Thun at the Fifth 

International Cadmium Conference. In the revised risk assessment. DHS staff 

has attempted to clarify areas of uncertainty arising from the data. 

Comment : 

The Cadmium Council, Inc., argued that the evidence 

carcinogenicity is inadequate and that the critical epidemiological study by 

Thun et al. is still being reanalyzed. They cited several critisims of this 
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study: (a) individual estimates of arsenic exposure were not obtained. (b) 

potential interactive effects of arsenic and smoking were not evaluated. 

They also submitted several unpublished documents including a manuscript by 

Dr. George Kazantzis describing a further follow-up of an earlier study of a 

cohort of workers potentially exposed to cadmium, and a nested case/control 

study of lung cancer deaths in the cohort. 

Pes~onsc: 

The weakness in not having individual arsenic exposure estimates is a 

concern, but the cohort calculations of Thun et al. indicate that the 

contribution of arsenic to the excess lung cancer death rate was not large. 

Evidence presented in the update of this study indicate that arsenic levels 

have been quite low since 1926, in contrast to the assertions of Dr. Lamm. 

The issue of interaction is discussed in our revised document. Given the 

deficit of smokers in the cohort relative to the general population and the 

low overall risk from arsenic, the interaction of smoking and arsenic 

exposure is likely to have made a negligible contribution to the excess 

cancer mortality. This is because at low relative risks, a multiplicative 

effect is only negligibly different from an additive effect. The 

case/control study conducted by Kazantzis purports to show no association 

between cadmium exposure and Lung cancer mortality. Although the report 

contains numerous inaonsistencies and is therefore difficult to follow, it 

'appears that the (nonstatistically significant) estimate of relative risk 

associated with a decade of exposure to 1 bg/m3 cadmium was almost identical 

to the (statistically significant) relative risk associated with a "decade 

level" of arsenic exposure, with arsenic exposure classified on a scale of 0 

to 2. Rather than being strong evidence of no effect, these data show weak 

evidence of an effect. Furthermore, the .exposures of these workers were 



much lower than those in the study by Thun et al. Only 21 workers received 

exposures that were anywhere near as large as the median of the low exposure 

group in the Thun study. As Kazantzis states, "The present results are not 

inconsistent therefore with Thun's, but there is very little power to detect 

a cadmium effect." 

Commea: 

The Cadmium Council. Inc., objected to the statement by DHS that we "do 

not believe there is evidence to reject an effect of cadmium on prostatic 

cancer." They asserted that the statistical evidence is convincing that no 

effect exists. 

BesDonsp: 

The DHS disagrees that a conclusion of no effect is justified. The 

reasons were presented in the original document (pp. 66-68 of part B): (1) 

the highly significant early reports, (2) the persistence of small 

(nonstatistically significant) elevated risks in recent studies. ( 3 )  the 

decline in level of industrial exposure, and (4) the low statistical power 

of these studies. In total, DHS staff regards the evidence as inconclusive. 

For clarification, the sentence referred to by the Cadmium Council, Inc., 

has been changed to state "the staff of DHS does not believe that the 

evidence is conclusive to reject an effect of cadmium on prostate cancer." 

Comment: 

The Cadmium Council, Inc., stated that although EPA's Science Advisory 

Board (sAB) found the Takenaka study to be sufficient evidence of cadmium's 

ability to cause cancer in animals, the SAB felt that more information was 

needed on the actual particle size distribution of ambient cadmium to which 

the general public would be exposed. This information would allow a 

comparison for the purpose of quantitative risk assessment.. of the effective 

dose given to the rats in the Takenaka study with typical human exposure. 
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Besuonzg: 

The ARB did not estimate the distribution of particle size in ambient 

California air. However, since the animal study was not used for final risk 

estimates, it is not really necessary for a comparison of effective dose. 

If such a comparison were made, it is likely that a modification in ambient 

exposure could be made that would reflect a lower exposure to cadmium 

because some ambient particles containing cadmium would not be respirable. 

In our assessment with occupational exposure, it was assumed that the 

particle size distribution in the occupational setting and in ambient air 

were similar. The validity of this assumption cannot be verified. 

Comment: 

The Cadmium Council, Inc., asserted that the effect of solubility on 

the bioavailability of various cadmium compounds would be likely to result 

a in a difference in their toxic potency. The ARB draft document indicated 

that absorption may not be dependent on solubility, citing a study which 

compared the pharmacokinetics of cadmium chloride and cadmium oxide in the 

lung. Information on cadmium red and yellow pigments suggests that 

solubility is important. 

Resuons~: 

The statement in the ARB document has been changed to explicitly 

pertain only to cadmium chloride and cadmium oxide. It is important to note 

that the ARB has concluded that cadmium oxide, cadmium carbonate, and 

cadmium sulfate are the likely principal constituents of ambient airborne 

cadmium. Cadmium sulfate is soluble, while the oxide, which is relatively 

insoluble, appears to act in the lung like cadmium chloride, a soluble salt. 

It is not known how cadmium carbonate acts in the lung. However, in an 

unpublished paper by Rusch et al. that was supplied by commentors, cadmium 

carbonate appeared to be much more soluble and more toxic than cadmium red 
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or yellow pigments following inhalation. Since there has been no speciation 

of ambient airborne cadmium DHS staff has assumed that all inhaled cadmium 

willact as if it were soluble. 

Comment: 

Ciba-Geigy argued that since cadmium chloride increases both epithelial 

permeability and the number of inflammatory cells in the lung, the continual 

presence of this chemical in the lung without any possibility for lung 

clearance and repair was probably responsible for the increased tumor 

incidence obserred in the study by Takenaka at al. 

B!=QQns: 

Although nontumor pathology was not reported in great detail in the 

Takenaka study, there is little reason to believe that there had been 

significant pulmonary lesions as suggested by the commenter. A dose-related 

increase in lung fibrosis was found in the treated animals of the Takenaka C 
study, but the severity of the lesions and any relationship they have with 

the observed tumors is unknown (personal communication wirh Gunter 

Oberdorster, 2/18/86). Lung damage was likely to have been minimal since 

all groups of rats experienced a low mortality rate, indicating that the 

animals were in apparent good health during the study. In addition, a study 

by Hart (Toxic01 Appl Pharmacol 82:281-291, 1985), in which rats were 

exposed to cadmium oxide at 1.6 mg/m3, three hours per day, five days per 

week for six weeks, indicated that the effects mentioned by the commentor 

would resolve after a Few weeks even while exposure continued. The exposure 

concentration used by Hart was 32 times higher than the highest 

concentration used by Takenaka, or 4 times greater if averaged over a 24- 

hour period. Thus, there is not sufficient evidence to suggest that lung 

defense mechanisms were overwhelmed during the Takenaka study. 



cm!!ws: 
Ciba-Geigy stated that there are disproportionate changes in tumor 

incidence with successive dose halving in the Takenaka study. It appears 

likely that lower dosages caused less lung damage (considered a threshold 

event) and consequently fewer lung tumors. This would indicate that ambient 

airborne cadmium does not pose a carcinogenic risk to the general population 

and should not be classified as a toxic air contaminant. 

w: 
As previously stated, the staff of DHS does not consider that there is 

sufficient evidence to link lung damage with the carcinogenicity of cadmium 

in rat lungs. Although there was an apparent dose-related increase in 

fibrosis in the lungs of treated animals (personal communication with Gunter 

Oberdozster), the severity of the lesions is unknown and a relationship, if 

any, between these lesions and lurig cancer has not been determined. The 

staff of DHS does not consider a nonlinear dose-response curve in an animal 

study adequate evidence that a threshold process is responsible for 

carcinogenicity. 

Commenf: 

Ciba-Ceigy pointed out that cadmium compounds are not equivalent with 

respect to toxicity, absorption, distribution or excretion. Exposure to the 

two insoluble compounds, cadmium red and cadmium yellow, did not produce 

mortality and resulted in -more rapid elimination, according to an 

unpublished study by Rusch. Other studies have also shown solubility and 

physical state of cadmium compounds to be important determinants of potency. 

pes~onse : f 

As stated in response to a similar comment by the Cadmium Council, 

Inc., the staff of DHS agrees that the toxic and possibly the carcinogenic 

potency of cadmium compounds could be related to their solubility. It 
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should be noted that cadmium carbonate and cadmium fume (oxide) were found 

by Rusch to be more toxic than the cadmium pigments. According to ARB, the 

carbonate and oxide forms of cadmium are more likely to be found in the 

ambient air. 

Comment: 

Ciba-Geigy stated that the doses in the Takenaka study imposed a lung 

burden on the rats that bears no relationship to effects expected from 

either larger amounts given for shorter periods or low-level ambient 

.exposures of the general population. 

gesoonsg : 

The staff of DHS does not find the evidence cited by the commentor 

sufficient to indicate that the lung burden of cadmium imposed on the rats 

in the Takenaka study was unrepresentative of what might be expected from 

ambient exposure. Metallothionein levels probably' do increase in response 

to cadmium exposure and it probably does act as a defense mechanism. Hart 
0 

(1986) showed an increase in lung metallothionein over a six-week period 

during which the animals were receiving a daily dose four times the highest 

daily dose given to rats in the Takenaka study. During the six-week period 

initial lung lesions began to resolve, suggesting that metallothionein may 

decrease the toxicity of cadmium. There was no evidence that lung 

metallothionein synthesis was saturated during the Hart study. Thus, there 

is no reason to believe that rats in the Takenaka study were exposed to a - 
cadmium concentration that would saturate this defense' mechanism. 



Department of Health Services 

Responses to Public Comments on 

Health Effects of Cadmium (Revised) 

(June 1986 Draft) 

Comment : 

All 4 commentors (Ciba-Geigy, PG & E, Western Oil & Gas Association, 

and the California Council for Environmental and Economic Balance) raised 

the issue of thresholds in the cadmium risk assessment, and urged DHS to 

present a threshold model to provide a lower bound of risk. The EPA risk 

assessment of cadmium was cited for its presentation of both threshold and 

nonthreshold models. 

The position of the Department of Health Services (DHS) with regard to 

the use of nonthreshold models is presented in the Guidelines for Chemical 

~S Carcinogen Risk Assessments and their Scientific Rationale (DHS, 1985): 
"...the DHS guidelines for risk assessment will not include the 

concept of 'thresholds' for carcinogenesis unless clear and convincing 
evidence is presented to demonstrate their existence for a specific 
carcinogen in specified circumstances" 

The Pull discussion of thresholds from that document is attached and is 

incorporated by reference (Attachment A). The staff of DHS reiterates the 

arguments related to the mechanisms of cadmium-induced carcinogenicity in 

the responses to specific comments below: 

Comment : 

Ciba-Geigy contended that, 

"...the absence of a carcinogenic effect in the Thun study at the 
two lowest doses indicates that a threshold does exist even in the 
workplace and would exist for ambient air where exposure is a 
thousandfold less. " 



Response : 

Lack of an elevated risk among workers in occupational cohorts exposed 

at low doses does not necessarily constitute evidence of a threshold, but 

rather evidence of the well-established "healthy worker effect". As 

explained in the document, these workers were estimated to have half the 

cancer risk of the U.S. population. Deaths from diseases of the circulatory 

system were also significantly lower than expected for the whole cohort 

(SMR-65), providing further evidence of a pronounced healthy worker effect 

in this cohort. In addition, the size of the study population was too small 

to detect the magnitude of risks expected at the low doses. Unless one 

compares the mortality to another worker population, the "expected" lung 

cancer deaths (obtained from the standard population, in this case 3.77) 

will be higher than what is predicted by the model at low doses (2.49 lung 

cancer deaths). This is because the number of expected cases is based on a 

population which differs from the study population on factors other than 
e 

exposure to occupational carcinogens: correcting the "expected" for these 

differences yielded an adjusted value of 1.89 expected lung cancer deaths. 

Thus, taking into account the estimated healthy worker effect, this study 

had a power of less than 1% to reject a hypothesis of no-effect for the low 

dose group at the a-0.05 level, assuming the model predictions are correct. 

In other words, one would not have expected to detect an excess in lung 

cancer deaths in the low-dose group. 

With regard to the EPA's risk assessment, neither of the models fitted 

by the EPA (the threshold or the nonthreshold model) fits the observed data 

as well as the model used by the DHS staff (Table C-1). The poorest fit was 

obtained by the threshold model for the low-dose group, where the model 
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fitted by the DHS staff was superior to both models presented by EPA. While 

all of these models were subject to the limitations of the data, the model 

that includes a parameter for the healthy worker effect is clearly a better 

specification of the quantitative dose-response relationship. 

Comment: 

In their comment on the threshold issue Ciba-Geigy stated: 

"It is of interest that your reviewers consider negative in vivo 
mutation studies as being insensitive tests as opposed to being 
indicative that the body can effectively handle small doses of cadmium; 
i.e., exhibit threshold characteristics, at concentrations that might 
be present in ambient air." 

One interpretation of the results from these studies is that the body 

can effectively handle small doses of Cadmium. However, DHS staff members 

have concluded that in this case the interpretation is not valid because 

this type of assay is relatively insensitive; i.e., this assay is incapable 

of detecting other than large effects. The dominant lethal assay has a 

lower sensitivity than other genotoxicity assays because there is: (1) a 

relatively high rate of spontaneous lethal events that occur during 

development, and (2) the number of implants examined is extremely small 

compared to studies that examined individual cells for an effect. In 

addition, the DHS staff members agree with the International Agency for 

Research on Cancer (IARC, 1983) that it is difficult to rule out genotoxic 

effects based on short-term tests and there is insufficient evidence to 

justify creating a separate class of carcinogens (based on mechanism) for 

which different risk assessment methods would be used. 



Comment : 

Ciba-Geigy argued for the concept of a threshold for cadmium-induced 

carcinogenicity with the following: 

"First of all, excess cadmium can stimulate metallothionein synthesis 
which is known to detoxify cadmium following continuous lqw level 
exposure (Webb, M. (1979) in "Metallothionein", Kagi & Nordberg, 
editors, pp 313-20). Secondly, it is known that zinc and cadmium 
interact and compete for protein and enzyme binding sites." 

Response: 

As stated by the commentor, cadmium does induce metallothionein 

synthesis and this protein appears to have a protective role against cadmium 

toxicity. Hart (1986) showed that metallothionein increased during a six. 

week exposure period when rats were exposed to a cadmium oxide concentration 

of 1.6 mg Cd/m3. Metallothionein, however, does not protect against acute 

cadmium toxicity (Webb 1979). Furthermore, Takenaka et al. (1983) showed 

that cadmium induced lung cancer at lower exposure levels than were used by 

Hart. Thus, metallothionein does not appear to prevent cadmium 

carcingenicity at exposure levels used in the Takenaka et al. study. 

Metallothionein may have a protective role, but it clearly cannot detoxify 

all cadmium that enters the body. 

Zinc also appears to protect against cadmium toxicity. However, as 

with metallothionein, there is no evidence that zinc will protect an animal 

from the carcinogenic effects of cadmium below some specific exposure level. 

In addition, it is well established that a carcinogen's potency can be 

inhibited or enhanced by other compounds. Such effects do not indicate that 

a threshold therefore exists for carcinogenicity. 



a comment : 

The California Council for Environmental and Economic Balance (CCEEB) 

suggested that "the Air Resources Board needs to know the relative weight of 

the evidence regarding the plausibility of such thresholds." 

In the case of cadmium, there is no compelling evidence that the 

carcinogenic effects are mediated by a threshold. This point is discussed 

at length in Part B Section VIII. 

Comment : 

PG & E contended that: 

"Although the DHS qualifies its estimate of 2-12 cases per million by 
stating.that 'the actual risk may lie in or below that range', this is 
not sufficient since other experts have acknowledged that a zero risk 
estimate could be equally valid.'' (citing EPA, 1985) 

Resvonse: 

The DHS staff believes that the presentation of the range of risk 

estimates as an upper bound is clear, and that the possibility of lower risk 

is sufficiently described in Part B, Section IX. 

There is neicher a theoretical basis nor empirical data suffikient to 

assign a probability to either the lower or upper bound region. Thus, it is 

not possible to give a relative weight to one or another portion within this 

range of risks. In the interest of protecting the public's health, and for 

reasons cited in Part B of the document and reiterated below, the DHS staff 

recommends that risk management decisions be based on the upper limit of 
. 

this range: 30 excess lifetime cancer deaths per million persons from 

lifetime exposure to current average ambient levels of 2.5 ng/m3 cadmium. 



Comment : 

CCEEB stated: 

"We can understand the basis for incorporation of the worst-case 
policy assumptions DHS uses to emphasize the maximum possible upper 
bound risk (although we believe that risk assessments should also 
present the 'most likely' risk estimate)." 

Response : 

As pointed out in Part B Section IX.2, this risk assessment does not 

present a worst-case scenario, but rather a plausible risk estimate, for the 

following reasons: (1) the estimate is based on the observed data and on 

realistic assumptions where data were lacking, both for exposure and for 

mortality in the study by Thun et al.; (2) the linear extrapolation model 

is, in the best scientific judgment of the DHS staff, a health-conservative 

method of extrapolation, while a worst-case would include a supralinear 

model; (3) the exposure estimate for California residents is based on mean 

levels obtained from monitoring throughout the urban areas of the state, not 

on the maxima; (4) as explained extensively in the document, the DHS staff 

recommends the human-based risk estimates, rather than the higher, animal- 

based estimates (Part B, Section 1X.B.3). Thus, the estimated unit risk and 

its upper 0.95 confidence limit recommended by DHS provide a plausible range 

for the upper bound of risk, not a worst-case range. 

Comment: 

PG & E argued that the DHS risk assessment should recommend the "best" 

risk estimate rather than the "upper bound." 

Res~onse : 

As discussed above, the DHS staff has presented a risk estimate based 

on plausible assumptions, not a worst-case scenario. The main source of 



"health-conservatism" is in the use of a linear nonthreshold extrapolation 

model. The recommendation to use the upper bound on risk is based on two 

considerations: (1) as discussed in the document (Section VII.J.2), the 

risk estimate was based on lung cancer deaths only, whereas the 

epidemiologic evidence suggests urogenital cancer, as well. 6 e  data cannot 

be considered conclusive due to the small sizes of the study cohorts; 

nevertheless, the recommended risk estimate should provide an added margin 

of safety for possible increases in these cancers. (2) The application of a 

dose-response relationship observed in adult males to the general population 

assumes equal exposure and sensitivity across all ages and sexes. Since our 

risk assessment is based on average levels obtained at monitoring stations, 

this assumption could result in an underestimation of risk for several 

reasons : 

The rapidly proliferating tissues of children may be more susceptible 

to carcinogenic agents than cells in adults. Second, where air 

concentrations of cadmium may be related to dust from contaminated soil, 

children are not only closer to the ground, but far more likely to play in 

dirt and thus to have substantially higher exposures than adults. Third, a 

recent paper by Phalen et al. (1985) showed that tracheobronchial particle 

deposition is generally more efficient in smaller (younger) individuals than 

in larger (older) people. For instance, the dose on a per kg basis for 5 pm 

diameter particles could be 6 times higher in a resting newborn than in a 

resting adult. This paper also showed that particle deposition varies with 

activity level. It appears, therefore, that at ages when individuals are 

potentially more susceptible to carcinogenic damage, they may be 



consistently receiving higher exposures and distributing cadmium to the 

target site more efficiently. 

For these reasons, the DHS staff does not concur with the conclusion of 

EPA (1985) that the upper bound risk estimate provides an "unnecessary added 

level of conservatism." 

Comment : 

Ciba-Geigy noted that the DHS staff did not take into account the 

potential effect of dose-rate on cadmium's carcinogenic activity, citing 

several studies. 

Resuonse : 

The observations of Littlefield and Gaylor (1985). cited by the 

commentors, were based on the EDOl study of 2-acetylaminofluorene. Since 

the dose-rate characteristics of a compound's carcinogenicity may be 

dependent on the pathways for metabolic handling by the organism, this study 

does not necessarily apply to cadmium. The contrast between survival rates 

in the studies by Oldiges and Glaser (1986) and by Kaplan et al. (1977), 

also cited by the commentors, reflects a dose-rate effect of cadmium on 

noncarcinogenic toxicity, which may not generalize to carcinogenicity. 

Additionally, it is difficult to draw a conclusion based on a comparison of 

these two studies since they were done in different laboratories and with 

different strains of rats. DHS staff members, however, do recognize that 

dose-rate may influence the carcinogenic risks due to cadmium exposure. 

Because this effect has not been characterized quantitatively, the 

assumption was made that, in the absence of data, cumulative dose could 

define risk (Part B, Section IX.B.2). This is a health-protective 

assumption, since the environmental exposures involve much lower dose-rates, 



as well as lower cumulative doses, than were used to estimate the 

carcinogenic potency of cadmium. 

Comment : 

Western Oil and Gas Association (WOGA) suggested that converting doses 

between species by direct air concentrations, i.e., not accounting for 

differences in metabolic rate, constituted manipulation of the data. 

Response : 

DHS staff conducted its animal-based risk assessment by converting rat 

to human doses on a surface-area basis. In the discussion comparing the 

animal- and human-based risk assessments, a risk estimate was derived in 

which direct air concentration in the animal experiment was taken to be 

equivalent to the human dose. As explained in Part B, Section IX.B.3, this 

calculation was presented for comparative purposes only, and does not, in 

the staff's opinion, constitute manipulation of the data. 

Comment : 

WOGA stated that the DHS staff's use of human data for the cadmium risk 

assessment is inconsistent with the previous use of animal data when human 

data were available for benzene. 

Response ; 

The range of risk estimates (24 x to 170 x recommended by 

DHS staff for the benzene risk assessment (DHS, 1984) was based on both the 

EPA estimate, which used data from three epidemiologic studies of leukemia 

deaths, and an estimate derived from a National Toxicology Program cancer 

bioassay in male mice. A comparison of the risk estimates and confidence 

intervals from the linear extrapolation using the best quality human data 

(Rinsky et al. 1981) and the multistage model using the most sensitive 
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animal data (preputial gland tumors in mice) shows both the point estimates 

and the upper 95% confidence limits (CL) to be very close: 

RISK DUE TO 1 PPB AMBIENT EXPOSURE TO BENZENE 

Epidemiologic Data Animal Data 

Point Estimate 48 x 78 x 

Upper 95% CL 120 x lo-6 170 x 

Unlike benzene, for cadmium, the confidence intervals for the animal- and 

human-based risk estimates did not overlap. Therefore, the DHS staff felt 

that it was necessary to make a choice. For reasons stated at length in the 

document (Section IX.B.3), the choice to recommend risk estimates based on 

human data was dictated by both the quality of the epidemiologic data, 

(including the exposure information and the analysis of potential 

confounders) and our judgment that the assumptions were unlikely to result 

in an underestimate of the true risk. The approach taken by DHS staff for 

the cadmium risk analysis was therefore fully consistent with methods 

utilized in previous risk analyses. 

Comment : 

Ciba-Geigy stated that possible exposures to asbestos and to radon were 

not considered in the study by Thun et al. (1985) and that these could have 

been confounders. The commentor asserted that one of the lung cancer deaths 

was a worker who was also in another cohort where his death was attributed 

to asbestos. 

Response: 

It is possible that one of the workers in the study of Thun et al. may 

have left this plant and then worked elsewhere and received asbestos 



exposure. Whether or not this is true, workers in the comparison population 

have similar opportunities to receive asbestos exposures. Since it is a 

relatively common exposure, asbestos-induced lung cancers contribute to the 

background rates throughout the U.S. Furthermore, if it is true that 

asbestos exposure contributed to the death of one of the cadmi&-exposed 

workers, one cannot rule out an added contribution from cadmium, given the 

multifactorial nature of carcinogenesis. It is also unlikely that exclusion 

of this death would substantially alter the result of the risk assessment 

(e.g., compare the upper and lower portions of Table IX in Part B of the 

document). Dr. Thun, in a personal communication (9-9-86) indicated that in 

a further follow-up of the cohort to 1984, the lung cancer deaths continued 

to show a dose-response relationship to cadmium exposure. 

The probability of significant radon exposures in the plant is low. 

The plant itself is above ground, so that if radon gas were emitted by 

soil, it would readily diffuse; containment such as occurs in mines or 

basements would not occur. If radon exposures were a problem in that 

region, one would expect a less pronounced effect when comparing to state 

rates as opposed to U.S. rates. The SMRs were higher, not lower, when the 

state rates were used as a comparison. Further, if radon daughters were 

being emitted from mill tailings in the walls, it would be highly 

coincidental if those portions of the plant where cadmium exposures were 

greater also had higher radon exposures. 

While it is difficult to entirely rule out the potential for 

confounding from unmeasured sources such as radon and asbestos, the 

plausibility of these sources as explanations for the clear dose-response 



between well-quantified cadmium exposures and excess mortality from lung 

cancer is low. 

Comment : 

Ciba-Geigy pointed out that the use of an occupational standard for 

cadmium to produce a safe ambient level yields a value which is three times 

as great as levels measured in "hot spots" in California, and fifty times as 

great as average ambient levels. The commentor cited Calabrese (1986) as 

saying that this method is "consistently more conservative or protective 

than that derived from actual data." 

Response : 

This method involves dividing the TLV (threshold limit value) by the 

ratio of hours in a workweek to total hours in a week, and then applying a 

safety factor of 100. The above quotation referred to 5 pollutants 

regulated by the U.S. federal government. In the same paper, Calabrese 

reported that this method applied to maximum acceptable occupational levels 

in the Soviet Union is more protective than the direct use of experimental 

data for 30 pollutants, and less protective for 13 others. Based on the 

figures provided by Ciba-Geigy for cadmium, this method is clearly less 

protective than the estimates EPA or DHS staff derived using the actual 

data. In the U.S., TLVs do not represent a uniform concept: they are 

principally based on considerations other than carcinogenicity, and may be 

based on practical considerations of what is attainable. In the case of 

cadmium, the ACGIH based Its recommended TLV on kidney toxicity (ACGIH, 

1982). 



Comment: 

Ciba-Geigy referred to evidence that cigarette smoking contributes to 

the body burden of cadmium, citing a study which showed that smokers' lungs 

contained a protein which binds cadmium. 

Res~onse : 

DHS staff acknowledges that cigarette smoking can increase the cadmium 

body burden. It may contribute to the production of cadmium-binding 

proteins. However, this does not constitute evidence of the safety of 

ambient levels of cadmium. It is also possible that cadmium is one of the 

components of cigarette smoke which is responsible for its strongly 

carcinogenic effect. 
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TABLE C-I 

OBSERVED : 

A COMPARISON OF THE OBSERVED DATA OF THUN ET AL. 
AND THE PREDICTED RISKS FROM THREE MODELS 

Low Middle High Xf p -value 
- - a)* 
2 7 7 

PREDICTED: 
EPA Nonthreshold Model 4.53 7.33 6.08 1.6 

( 2 )  
.45 

EPA Threshold Model 3 .77  4.61 7 . 0 0  2.1 
(1) 

.15 

DHS Nonthreshold Model 
with Healthy Worker Effect 2.94 5.99 7.44 0 . 5  

(1) 
.48 

* df-degrees of freedom 



1s:;ucs in tile Srlcctinn of Dose-Response Models 

1. Thresholds 

Traditional toxicology incorporates thresholds in the dose-response 
relationship. These are dose levels below which a toxicological response 
is not observed. This is not to imply that cellular or tissue damage does 
not occur below the "threshold" level, but rather that the organism,.either 
has the reserve capacity to withstand damage or is able to adapt to the 
toxicological stress. For toxicologic effects, a threshold is said to 
occur at dose levels that are insufficient to cause damage. Eor example, 
if a toxic substance killed nonreplicating optical neurons, sight would 
not suffer until a sufficiently large number (perhaps millions) of cells 
had died. 

But the processes of carcinogenesis appear to be qualitatively different 
from those in classical toxicology. In contrast to the toxic effects 
described above which involve impairment of functions at the organ or 
organism level, the initial "target" for carcinogenic action is believed 
to be extremely small. As we develop a better understanding of the 
mechanisms of carcinogenesis and mutagenesis, it appears likely that many 
carcinogens interact with DNA or other target macromolecules. In addi- 
tion, there is evidence that the occurrence of such events in a single 

2 8 , 2 9  
cell can produce cancer. The delivery of the critical molecules to 
critical cell at the critical time involves the i?terplay of a variety of 
protective defense systems within the body. However, there is some finite 
probability that a few molecules would evade thase defenses and produce an 
event that triggers carcinogenesis. This scenario, so different from 

, classic toxicologic processes, makes a threshold less likely for 
carcinogenesis. 

Despite this, a pharmacokinetic argument has been made for the existence 
of practical operation thresholds. For example, the observation of a 
plateau of response at the high dose levels of the vinyl chloride dose- 
response curve is interpreted to mean that the enzyme system(s) that 
activate vinyl chloride to its carcinogenic species are overloaded or 
.saturated. The argument is then made by analogy that protective enzymes 
systems that fieactivate carcinogens and are reasonably effective at low 
doses mav likewise be saturated and hence be less protective at the high < - 

30.94  
doses encountered in animal bioassays. 

A model that produces a threshold in the dose-response curve has been 
developed. This model is based on the concept that high doses of car- 
cinogens can overcome protective systems. However, this model produces a 
threshold by requiring that the carcinogen be instantaneously deactivated, 
which is unlikely. If detoxification reactions are not instantaneous, a 
small amount of the agent may escape detoxification by protective enzymes 
and interact with the DNA. In this instance, the protective effect of 
detoxifying enzymes would decrease the slope of the dose-response curve 

91. - - 
but would not produce a classical threshold. 



Even if thresholds could be determined for individuals, establishing a 
population threshold is more difficult because of the observed variability 
of the human population. This variation is a consequence of extreme 
genetic heterogeneity and differences in physiological state associated 
with age, sex, reproductive activities, nutrition, and exposure to 
environmental/ occupational stresses including other carcinogens. Even if 
it is assumed that each individual in the population has a threshold 
defined (at any one time) by his or her physiological state, the popula- 
tion is likely to be characterized by a very wide distribution of 
thresholds such that there may not be an absolute lower bound or ~ o ~ u l a -  - .  

6 , 3 6 , 5 7  
tion threshold. Since the threshold dose for the human population 
should be the threshold dose for the most sensitive individual, this dose 
may be so low as to be effectively zero. By analogy, the threshold dose 
for an individual or organism is the threshold dose for the most sensitive - 

5 8 
cell, and this may also be extremely low. Operationally, these variable 
threshold models are difficult to distinguish from nonthreshold models 
that are concave upward at low doses. 

These models would produce absolute thresholds only under the assumptions - 
3 9 

of instantaneous deactivation and repair. Other models predict non- 
linearities in the dose-response curve that will lead to practical, but 
not absolute, thresholds. The presence, or absence, of an absolute 
threshold remains unconfirmable. The ED01 study indicated that the 2-AAF 
mouse exhibits an apparent threshold for bladder cancers at low doses. 
However, re-analysis of this low-dose data at greater resolution indicated 
that the threshold was more apparent than reai: the incidence of bladder 
tumors increased with dose even at the low doses, and no threshold level 

0 
could be determined. Thus, scientists are now less concerned with the 
existence of thresholds than in the degree of nonlinearity of the dose- 
response curve in the low dose region. 

Another factor against the existence of thresholds for carcinogens is the 
substantial "background" incidence of cancer in 'humans. Unless each 
carcinogenic substance operates by a unique mechanism, an additional small 
exposure to a substance may supplement an individual's exposure to other 
carcinogens operating by a similar mechanism. The high incidence of 
cancer of unexplained etiology demonstrates that human exposure is well in 
excess of any possible population threshold for at least some of these 
mechanisms. Viewed in this manner, since we cannot know which of the 
possible carcinogenic mechanisms are already operating and contributing to 
background incidence, we will assume that no additional exposure, however 
small, may be considered free of risk. 

For these reasons, the DHS guidelines for risk assessment will not include 
the concept of "thresholds" for carcinogenesis unless clear and convincing 
evidence is oresented to demonstrate their existence for a s~ecific car- 

e . 7  
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cinogen in specified circumstances (NAS , OSHA . OTA , Food Safety 
1 0 , 1 1  

Council ) .  



Department of Health knices 

M e m o r a n d u m  

: William Lockett, Chief 
Office of External Affairs 
Air Resources Board 
1102 Q Street 
Sacramento, CA 95812 

Subject: Response to 
Ciba-Geigy letter on 
Cadmium 

: Epidemiological Studies 
and Surveillance Section 

714 P Street 
Sacramento, CA 95814 

I have reviewed the comments and information contained in a letter addressed 
to Mr. Cliff Popejoy of the California Air Resources Board from Dr. Martin 
E. Bernstein of Ciba-Geigy Corporation dated June 18, 1986.. 1 found the 
comments similar to those submitted earlier by Ciba-Geigy and the Cadmium 
Council. These comments point out that there is a difference in the toxic 
potency of various cadmium compounds probably due to the difference in 
solubility. In particular, cadmium sulfide is less toxic than cadmium oxide 
or cadmium chloride. 

It is evident from the information submitted in this letter and in the 
earlier submissions that there is a difference in toxicity. In a previous 
set of responses (letter from Gary Murchison of ARB containing an addendum 
to the Draft Report on Cadmium, dated July 17, 1986), staff of the 
Department of Health Services indicated that such a difference does exist 
(pages 7 and 9). 

I would like to point out that cadmium oxide, sulfate, and carbonate are 
considered the primary species of cadmium in ambient California air. 
Evidence indicates that these compounds act more like cadmium chloride, 
which was shown to be carcinogenic in.an animal bioassay, than cadmium 
sulfide, which the commentor has indicated is less toxic than other cadmium 
compounds. 

In the final paragraph of the letter, it was stated that no neoplastic 
,lesions had been found in exposed animals that were part of the on going 
study cited in the letter. I believe it is premature to determine the 
adequacy of this study since the study is still in progress and the only 
pathology results appear to be for animals exposed for less than one year. 

If you have any questions, please call me at 324-2829. 

~4~ David M. Siegel, Ph.D. 

Staff ~oxicoio~ist 
. . 

cc: Michael Lipsett 
Raymond Neutra 



UII, L hClfllCdl and A tomrc Workers 
hzterrratio~~a~ Union 

J. E. (JACK1 FOLEY 
DIRECTOR. DISTRICT NO. 1 

304 FREEWAY CENTER BUILDING 
3006 LONG BEACH 0OULEVARD 

LONG 0E4CH. CALIFORNIA 90807 
PHONE: (213) 4268961 

F e b r u a r y  8 ,  1985 

M r .  P e t e r  D .  Ven tu r l r . 1 ,  C h l e f  
S c a t l o n a r y  S o u r c e  D i v i s i o n  
A I R  RESOURCES BOARD 
1102 "Q" S t r e e t  
S a c r a m e n t o ,  California 9 5 8 1 2  

Dear M r .  V e n t u r i n i :  

I n  r e s p o n s e  t o  y o u r  c o m ~ u n i c a t i o n  r e g a r d i n g  Cadmium t h a t  
m a t t e r  h a s  been  r e f e r r e d  i c  o u r  h e a d q u a r t e r s  i n  Denver ,  
C o l o r a d o  H e a l t h  & S a f e t y  9 e p t .  

I would appreciate any  r e q c e s t  o f  t h i s  n a t u r e ,  i n  t h e  
f u t u r e ,  b e  s e n t  o u r  Denver  o f f i c e ,  a d d r e s s e d  a s  fo!lows: 

, '* ail, C h e e i c a l  an2  Atcmic Iqorkers  I n t e r n a t i o n a l  Union ,  
: I r a l t h  G S a f e t y  Departmen:, P.O. Box 2 8 1 2 ;  Denver ,  CO. 
8C201 t o  t h e  a t t e n t i o n  o f  Direc:or Dan Edwards w i t h  a 
ropy  t o  t h i s  o f f i c e ,  a s  a d d r e s s e d  on t h i s  l e t t e r h e a d .  

Thank you f o r  keepin:  u s  i ~ f o r m e d .  

Very t r u l v  v o u r s .  

2EF:rmm. 
c c :  D .  Edwards 
F i l e  

Stotionsiy Source 
2ivi:ior 

Rcrources Eoord 



e m o r a n d u r n  

: Peter  D. Venturini, C.hief 

a at ionary Source Division 
r Resources Board 

1102 Q St ree t  
Sacramento, CA 95814 

Date : February 13, 1985 

Place : Sacrament0 

: Department of Food and Agriculture 

ect: Request f o r  Information Regarding Cad~ium 

Thank you f o r  your l e t t e r  regarding your information search on cadmium. Cur- 
r e n t l y ,  only one pes t ic ide  containing cadmium is  regis tered f o r  agr icu l tura l  
use  i n  California.  Cleary's Granular Turf Fungicide which contains 0.75% 
cadmium (as cadmium chlor ide)  is not  widely used i n  California. 

The Department has no addi t iona l  heal th  e f f e c t s  data on cadmium t o  contribute.  

3ri Johqston, Assistant E r e c t o r  
-st I'k~agemetlt , Ehvironmental 6 
Protection and Worker Safety 

(916) 322-6315 

cc  Assemblywoman Sal ly  Tamer 
i l l  V.  Loscutoff, Ckief, ARB 
Alex Kel ter ,  DHS 



UNITED 
TECHNOLOGIES 
INMONT 

F e b r u a r y  1 3 ,  1985 

lnmont Corporation 

1255 0road.Streel 
P.O. Box 6001 
Cl~tton. New Jersey 0701 5-6001 
201 1365-3400 

P e t e r  D. V e n t u r i n i ,  C h i e f  
S t a t i o n a r y  S o u r c e  D i v i s i o n  
S t a t e  o f  C a l i f o r n i a  
A i r  R e s o u r c e s  Board 
1102 Q S t r e e t  
P.O. Box 2815 
S a c r a m e n t o ,  CA 95812 

Dear Mr. v e n t u r i n i :  

Your r e q u e s t  f o r  i n f o r m a t i o n  on cadmium was 
f o r w a r d e d  t o  me. I m u s t  r e p o r t  t h a t  w e  have 
n o  h e a l t h  e f f e c t s  i n f o r m a t i o n  on cadmium. 
B u t ,  p l e a s e  add me t o  y o u r  m a i l i n g  l i s t  t o  
r e c e i v e  y c u r  i n f c r n a t i o n  i n q c i r i e s  i n  t h e  
f u t u r e .  - 

S i n c e r e l y  y o u r s ,  

Eugene G. Wood 
Manager ,  
I n d u s t r i a l  Hygiene 

S ! s t ! c n ~ ~  source -. S!!.;?iafi 
Air 2~:0>rce; ~~~~d 

JAN 1 9 'M33,,3. - I 



USI\-ERSITY OF: \T'ASHINGTOS 
SEATTLE, WASHINGTOT 53155 

F e b r u a r y  1 2 ,  1985 

W i l l i a m  V.  L o s c u t o f f ,  C h i e f  
T o x i c  P o l l u t a n t s  Branch  
R e :  Cadmium 
C a l i f o r n i a  A i r  R e s o u r c e s  Board 
P.O. Box 2815 
S a c r a m e n t o ,  CA 95812 

Dear D r .  L o s c u t o f f :  

P l e a s e  f i n d  l i s t e d  be low s e v e r a l  r e f e r e n c e s  on t h e  
d e v e l o p m e n t a l  t o x i c i t y  o f  Cadmium.: 

B a r r ,  M :  The t e r a t o ' g e n i c i t y  o f  cadmium c h l o r i d e  i n  t w o  s t o c k s  o f  
W i s t a r  ra t s .  T e r a t o l o g y  7:237-242, 1973.  

C n e r n o f f ,  . T e r a t o g e n i c  e f f e c t s  o f  cadmiurn i n  r a t s .  @ T e r a t o l o g y  E:29-32. 1973 .  - 
Cve tkova ,  R.P.: M a t e r i a l s  on t h e  s t u d y  o f  t h e  i n f l u e n c e  o f  
cadmium compounds o n  t h e  g e n e r a t i v e  f u n c t i o n .  Gig. Tr .  P r o f .  
Zabo l .  1 4 : 3 1 ,  1970.  

Dencke r ,  L.: P o s s i b l e  m e c h a n i s m s  o f  cadmium f e t o t o x i c i t y  i n  
g o l d e n  h a m s t e r s  and mice: u p t a k e  by t h e  embryo,  2 l a c e n t a  and 
o v a r y .  J .  Reprod .  F e r t .  44:461-471, 1 9 7 5 .  

L e v i n ,  A.A. and M i l l e r ,  R.K.: F e t a l  t o x i c i t y  o f  cadmium i n  r a t :  
D e c r e a s e d '  u t e r o - p l a c e n t a l  b l o o d  f l o w .  T o x i c o l .  A?pl. Pharm. 58: 
297-306,  1981 .  

M u l v i h i l l ,  J.E.; Gamm, S.H. and Ferm,  v.H.: F a c i a l  f o r m a t i o n  i n  
n o r m a l  and  c a d m i u m - t r e a t e d  g o l d e n  h a m s t e r s .  J. p b r y o l .  Exp. 
Morphol .  24:393-403, 1970.  

T h u e r a u t ,  J.; S c h a l l e r ,  K.H.; E n g e l h a r d t ,  E. a n d  Gossler K.: T h e  
cadmium c o n t e n t  o f  t h e  human p l a c e n t a .  I n t .  Arch. Occup. 
E n v i r o n .  H e a l t h  36:19-27, 1975 .  

An e x c e l l e n t  r e f e r e n c e  s o u r c e  f o r  f u r t h e r  i n f o r m a t i o n  on t h e  
d e v e l o p m e n t a l  t o x i c i t y  o f  compounds is:  - 

@ T.H. S h e p a r d  
C a t a l o g  o f  T e r a t o g e n i c  A g e n t s  
J o h n s  Hopkins  P r e s s ,  B a l t i m o r e ,  1 9 8 4 .  



S e v e r a l  g e n e r a l  r e f e r e n c e s  t h a t  you may want  t o  i n c l u d e  i n  
"our  r e f e r e n c e s  a r e :  

- 
.. 
H u t t o n ,  M.: S o u r c e s  o f  Cadmium i n  t h e  Envi ronment .  E C O ~ O X ~ C .  
and Env i ron .  S a f e t y .  7:9-24, 1983. 

I t o k a w a , . Y . ,  Abe. T., T a b e i ,  R., a n d  T a n a k a ,  S.: R e n a l  a n d  
S k e l e t a l  L e s i o n s  i n  E x p e r i m e n t a l  Cadmium IOisoning .  Arch. 
Env i ron .  H e a l t h .  28:149-154, 1974. 

K o r t e ,  F. E c o t o x i c o l o g y  o f  Cadmium: G e n e r a l  Overview.  
E c o t o x i c .  and Env i ron .  S a f e t y .  7:3-8, 1983. 

L a u w e r y s ,  R.R. ,  B u c h e t ,  J.P., R o e l s ,  H.A., B r o u w e r s ,  J . ,  a n d  
S t a n e s c u ,  D.: E p i d e m i o l o g i c a l  S u r v e y  of  Workers  Exposed t o  
Cadmium. Arch. Env i ron .  H e a l t h .  28:145-?, 1974. 

Lemen ,  R.A., L e e ,  J .S . ,  W a g o n e r ,  J.K., a n d - B l e j e r ,  H.: C a n c e r  
M o r t a l i t y  Among Cadmium P r o d u c t i o n  Workers .  Ann. N.Y. Acad. 
S c i .  271:273-?, 1976. 

R i e t h ,  F.H., S t o c k e r ,  W.G., a n d  T h i e s s ,  A.M.: Chromosome  
I n v e s t i g a t i o n s  of Workers  Exposed t o  Cadmium i n  t h e  M a n u f a c t u r i n g  
o f  Cadmium S t a b i l i z e r s  and  P i g m e n t s .  E c o t o x i c .  Envi ron .  S a f e t y .  
7:106-?, 1983.  

Q u a i f e ,  C.,  Durnam, D., Mottet, N.K.: Cadmium 
h y p e r s u s c e p t a b i l i t y  i n  C34 m o u s e  l i v e r :  c e l l  s p e c i f i c i t y  a n d  
p o s s i b l e  r o l e  o f  m e t a l l o t h i o n e i n .  Tox. A p p l i e d  Pharm. 76:9-17, 
1984.  - 

I hope t h i s  i n f o r m a t i o n  is u s e f u l .  

S i n c e r e l y ,  

A s s i s t s n t  P r o f e s s o r  

EFW: j t  



Ford Motor Company The American Road 
Dearborn, Michigan 48121 

February 18, 1985 

I .  i l l i a m  V .  Loscutoff, Chief 
Toxic Pol lu tan ts  Branch 
Re,: Cadmium and Asbestos 
Cal i fornia  Air Resources Board 
P . O .  Box 2815 
Sacramento, CA 95812 

Subject: Response to Mr. P.  D.  Ventur ini ' s  Requests fo r  Information 
Regarding Cadmium and Asbestos 

Dear Mr. Loscutoff: 

The Ford Notor Company has not undertaken independent s c i e n t i f i c  s tudies  t o  
evaluate the health e f f e c t s  re1 a t ing to e i t he r  cadmium or asbestos. 
Rather, the Company c juan t i t a t i ve !~  measu-es the anbient concentrations 
w i t h i n  the  plant  environnents cf regulated and-suspected toxic a i r  
contaminants. These concentrations a re  evaluated with respect  to the 
cur ren t  Occupational Safety and Health Administration permissible exposure 
1 ini  t s ,  National I n s t i t u t e  of Occupational Safety and Health recommended 
standards, and American Conference of Governmental Industrial  Hygienists 
Threshold Limit Values. 

We r eg re t  t h a t  we a re  unable to submit information pursuant to your 
i nqu i r i e s  concerning health e f f e c t s  b u t  we would l i k e  to continue to 
receive information on your progress in regulating toxic a i r  contaminants. 

F. P. Partee 
Principal  S ta f f  Engineer 
kirl l ioi  se .  Compl iance 
Stat ionary Source Environmental 

Control Office 



UNIL~ERSITY OF CALIFORNIA, RIVERSIDE 

BERKELf, . DAVIS . IRVl'iE . LOSAHGELES . RI\'ERSIDE . S2YDlEW . 54YFMNCIS:O SAHTABAPBARA . UNTA CRUZ 

d LLECE Of \ATCRAL 4 V r )  AGRICULTURAL SCIESCES RI\ ERSIDE. C.4LIFORYI. 92521 
CITKLS KESCAKCH CESTER ASD 
ACH1CLLn:H'LL EXPERlhlEST STATIOS 

DEPARThlLST OF SOIL AS0 ESYIROSMESTAL SCIESCES 
February 27, 1985 

1tr. Peter D. Venturini, Chief 
Stationary Source Division 
Air Kesources Board 
llC2 Q. Street 
P.O. Box 2815 
Sacramento, CA 95812 

MAR % 1585 
Strrtionory Source 

Division 
Air Rerources Board 

Dear Mr. Venturini: 

This is a response to your request for information regarding 
cadmium. The following two articles published by the Department of 
Soil and Environmental Sciences, University of California, P.iverside, 
CA, are submitted, herewith, for your consideration. Both papers 
aealt with environmenial and biological transfornations of cadmium: 

- 

1. Page, A. L. and A .  C. Chang. 1979. Conta~inntion of 
soil and vegetation by atmospheric deposition of trace 
metals. Phytopathology 69(9):1007-1011.- 

2. Page, A. L., M. P:. El-Amamy 2r.c b. C. Chang. 1984. 
Cadmium in the environment and its entry into ter- 
restrial food chain crops (to be published as Chap. 
2 in a cadmium book; publisher Springer-Verlag, New 
York, N.Y.). 

Sincerely, - 

ACC:jt 
Enclosures 

cc: M. M. El-Amamy 
A. L. Page 



Codrn~um Counc~l, Inc. 
292 Madlson Avenue 

February 28, 1985 

Lynn Terry  
S t a t i o n a r y  Sources Divis ion  
A i r  Resources Board 
1102 Q S t r e e t  
P.O. Box 2815 
Sacramento. CA 95812 

Dear M s .  Ter ry ,  

I am s o r r y  f o r  t h e  de lay  i n  responding t o  your r eques t  b u t  t h e  Yost and 
Greenkorn s tudy was b e i n ?  p r i n t e d .  I have a l s o  included t h e  proceedings 
from t h e  Second, Thi rd ,  and Fourth I n t e r n a t i o n a l  Cadmium Conferences, 
a boo): e n t i t l e d  Cadmium Chemicals, and an a r t i c l e ,  "The E f f e c t  of CadmPun 
on t h e  Environment" by J .  F. Cole an2 F.. P.. Volpe. . 

I w i l l  g l a d l y  c a r r y  o u t  e d a t a  sea rch  f o r  you i f  you need f u r t h e r  i n f o r -  
mation. I w i l l  be c a l l i n g  you s h o r t l y  t o  s e e  i.€ I may be o f  f u r t h e r  
a s s i s t a n c e .  

S i n c e r e l y ,  

/ .  . . Grovrna L. Leone 
A s s i s t a n t  Di rec to r  
Environmental Regulat ions 

mfcl 

enc losu res  



DEPARTMENT OF THE ARMY 
U.S .  ARMY ENVIRONMENTAL HYGIENE AGENCY 

AQERDEEN PROVING G R O U N D .  MARYLAND 2101W422 

RCPLI TO NAE 12 :??= 
LTTLNTION Or 

Occupational and Environmental 
Medicine Division 

William \ I .  Loscutoff 
Chief, Toxic Pollutants Branch 
California Air Resources Branch - - 

P.O. BPX ?n!5 
Sacramento, California 95812 

Dear Mr. Loscutoff: 

While the US Army Environmental Hygiene Agency does not 
conduct research into the toxicology of cadmium, we are aware 
of an EPA araft document, not included in your bibliography, 
which you may r:ish to review. The title is: Updated Mutagenicity 
and Carcino~enicity Assessment of Cadmium, Addendum to the 
Health Assessment Document for Cadniium (May 1981, EPA-600/8-81-023), 

a EPA-600/8-83-0256, April 1984, External Review Draft. This 
document is available from the National Technical Information 
Service. 

Any comments should be directed to Major Robert W .  Petzold, 
M.D. at this Agency. 

Sincerely, 

!dl C. Gaydos I 
Colonel, Medical Corps 
Director, Occupational and 

Environmental Health 



Representing the Color Pigments Industry SUITE 202, rn NORTH WASHINGTON STREET 
ALEXANDRIA. VA 22314 (703) 6&2-4044 

Maillng Address: 
P.O. BOX 931, ALEXANDRIA, VA 22313 

\*/?,<# ' 8  

March 29 ,  1985 

William V. Loscutoff. Chief 
Toxic Pollutants Branch 
Re: Cadmium 
California Air Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 

Dear Sir: 

Subject: Request for Information Regarding Cadmium 

The Dry Color Manufacturers' Association (DCMA) appreciates receiving from the 
Californig Air Resources Board their request to furnish information on the 
health effects of cadmium,. 

The DCKA is an industry trade association representing small, medium and large 

@ pigment crior manafacturers throughout the United States and Canada. 
accounting for approximately 95% of the production. of color pigments in these 
countries. Included within the DCHA structure is-the Cadmium Pigments 
Committee (the "Committee") vhich is composed of major manufacturers of 
cadmium pigments. 

The Committee has been active for many years in addressing safety and health 
concerns with respect to cadmium pigments. It has provided information to 
interested government agencies and to the public with respect to these 
concerns. In addition, the Committee has sponsored various testing activities 
and studies conducted by consulting professors, laboratories and institutions. 
Consequently, the Committee is generally recognized as the primary source 0i 
expert industry informetion on cadmium pigments,, including safety and health 
concerns.. The Committee is vitally interested in any development that might 
affect the use of these important color pigments. 

While the Committee has undertaken animal studies Eo demonstrate that cadmium 
pigments, owing to their insolubility, are less bio-available than more 
soluble cadmium compounds both by ingestion and inhalation, no studies have 
been undertaken by the Committee that relate to levels of cadmium in the 
atmosphere over urban and rural areas. 



It is noted that the list of references on cadmium enclosed with your letter 
of February 4, 1985 does not include a comprehensive review of environmental 
levels of cadmium prepared by Dr. Kenneth J. Yost of Purdue University. West 
Lafayette, Indiana entitled "Cadmium, the Environment and Human Health: An 
Overview" (Experientia LO (1984) Birkhauser Verlag CH-4010 Basel/Switzerland). 
A copy is enclosed. Taking into account the production of cadmium, its major 
uses and disposal into the environment, this report concludes that 
"respiratory (inhalation) intake of cadmium by urban populations is 
negligible". 

You are no doubt aware of the data available on ambient air lebels of cadmium 
in Section 6.2.1 of the U.S. Environmental Protection Agency "Health 
Assessment Document for Cadmium" prepared by L.D. Grant, u. and dated 
October 1981 (EPA 600/8-81-023). With few exceptions the average annual 
cadmium levels for U.S. cities studied fall within a range of 1 to 20 
nnnograms/cubic meter of air. From these values it has been estimated that 
cadmium in the ambient air contributes less than 2 micrograms per day of an 
adult's uptake of cadmium as compared to from 20 to 50 micrograms per day by 
way of the diet. 

You may find of interest the enclosed booklet published by the Committee 
several years ago entitled, "Cadmium Pigments - An Encouraging Outlook". 
It is understood that the health evaluation report to be prepared by the ARB 
staff for submission to a Scientific Review Panel will be made available to 
the public. Your sending us a copy of this report when available or advising 
us how to obtain a copy will be very much appreciated. 

V ~ .  Lawrence Robinson 
dxecufive Vice President 

Enclosures (Yost Paper and "Cadmium Pigments - An Encouraging Outlook") 
cc: Peter D. Venturini, Chief 

Stationary Source Division 
State of California 
Air Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 



P A C I F I C  GAS AND E L E C T R I C  COMPANY 

- 77 BEALE STREET . SAN FRAtiCISC3. C iL IFOl i i i lA  94136 . ( < i s )  781.4211 . l\':X 910-372.6567 

A p r i l  1 6 ,  1985 

M r .  W i l l i a m  V .  Loscutof  f ,  Chief 
Toxic  P o l l u r a n t s  Branch 
RE: Cadmium 
C a l i f o r n i a  A i r  Resources Board 
P.O. Box 2815 
Sacramento,  CA 95812 

Dear M r .  Loscu to f f :  

Request  f o r  P u b l i c  H e a l t h ,  
In fo rma t ion  Regarding Cadmium 

P a c i f i c  Gas and E l e c t r i c  Company r e c e i v e d  your February 4 ,  1985 
r e q u e s t  f o r  a d d i t i o n a l  p u b l i c  h e a l t h  i n fo rma t ion  r e g a r d i n g  
Cadmium. W e  reviewed t h e  b i b l i o g r a p h y  and concluded t h a t  we a r e  - - -  
unaware of any a d d i t i o n a l  informatLon which would be of use t o  
you. - . .- - 
PGandE would l i k e  t o  remain on t h e  Cadmium ma i l i ng  l i s t ,  and 
would a p p r e c i a t e  r e c e i v i n g  c o p i e s  o f  fuxure  announcements on 
r e p z r t s .  P l e a s e  send f u t u r e ~ c o m m ~ n l c a t . i o n s  t o  me a t :  

P a c i f i c  Gas and E l e c c r i c  Company 
7 7  Beale S t r e e t  - Room 1357 
P.O. Box 7640 
San F r a n c i s c o ,  CA 94124 

Thank you. 



' 5  I ' 
S T L l €  Lji Cl.l~FORNIh GEORGE DEUKMEJlAN. Governor 

DEPARTAdENT OF FOOD AND AGRICULTURE 

1220 N S t r e e t  
Sacramento 0 95814 

i l l i a m  V.  Loscu to f f ,  Chief 
Tnxic F o l l u t a n t s  Branch 
C a l i f o r n i a  A i r  Resources Board 
P.O.  Box 2315 
Sacramento, CA 95812 

Dear Mr. ~ o s c u t o f f  

Subject :  Pub l i c  Records Request 
Our F i l e  PR-85-05 

Enclosed p lease  f ind  t h e  d a t a  on cadrniuo reques ted  i n  your l e t t e r  of 
Tehruary 4 .  M r .  B i l l  Erdman of Ya l l inck rod t  I n c .  has ind ica t ed  h i s  company 
w i l l  not respond t o  our l e t t e r  of  Februer:,, 2 i .  Accordingly, t h e  two 

9 
rrudies a r e  be ing  r e l e a s e d .  

- 
Sincere ly  

, 
~ i s a  Brown, S t a f f  Counsel 
T e s t i c i d e  Enforcement Uni t  
(9 16 )  445-5695 

c; C i l l  Erdman 
Alex K e l t e r ,  DHS 
Lor i  Johns ton ,  CDFA 
Uayne Morgan, P r e s i d e n t  CLBCOA 
Jan Bush, Executive Sec re t a ry ,  C;SCOA 
David Howekamp, EPA Region I X  
Assemblywoman S a l l e y  Tanner 
Senator  Ralph D i l l s  
Senator  A r t  Torres  
En~ i l  Mral.., Chai r ,  SAP 



APPENDIX B 

HEALTH EFFECTS REQUEST TO DHS AND 
LETTER OF RESPONSE 



l e t n o r a n d u r n  

: Kenneth K i z e r ,  M . D . ,  D i r e c t o r  Dole : April 12, 1985 

E v a l u a t i o n  o f  
Cadmium 

I am w r i t i n g  t o  f o r m a l l y  r e q u e s t  t h a t  t h e  ~ e ~ a ' r t m e n t  
e v a l u a t e  t h e  h e a l t h  e f f e c t s  o f  cadmium a s  a  c a n d i d a t e  t o x i c  a i r  
c o n t a m i n a n t  i n  a c c o r d a n c e  w i t h  Assembly B i l l  1807 (Tanne r ) .  
Accord ing  t o  Hea l th  and S a f e t y  Code S e c t i o n s  39660-62, your 
Department h a s  n i n e t y  d a y s  t o  s u b m i t  a w r i t t e n  e v a l u a t i o n  and 
r ecomnenda t ions .on  t h e  h e a l t h  e f f e c t s  of  cadmium t o  t h e  A i r  
Resources  Board and may r e q u e s t  a  t h i r t y  day e x t e n s i o n .  

A t t a c h e d  f o r  your s t a f f ' s  c o n s i d e r a t i o n  i n  e v a l u a t i n g  
cadmium a r e :  At tachment  I - a s u g g e s t e d  list o f  t o p i c s  t h a t  we 
b e l i e v e  s h o u l d  be  i n c l u d e d  i n  your  cadmium e v a l u a t i o n  and 
recommendat ions;  At tachment  I1 - a  l i s t  o f  r e f e r e n c e s  on cadmium 
h e a l t h  e f f e c t s  which were i d e n t i f i e d  i n  an  ARB l e t t e r  of  p u b l i c  
i n q u i r y  o r  r e c e i v e d  i n  r e sponse  t o  t h e  i n q u i r y  l e t t e r ;  and 

t t a c h m e n t  111 - ambien t  cadmium c o n c e n t r a t i o n  d a t a  which s h o u l d  
be used t o  e s t i m a t e  t h e  r a n g e  o f  r i s k  t o  C a l i f o r n i a  r e s i d e n t s  a s  
r e q u i r e d  i n  H e a l t h  and S a f e t y  Code S e c t i o n  3 9 6 6 0 ( c ) .  

My s t a f f  i s  a v a i l a b l e  f o r  c o n s u l t a t i o n  i n  conduc t ing  
t h i s  h e a l t h  e f f e c t s  e v a l u a t i o n .  We look forwnrd  t o  c o n t i n u i n g  t o  
work c l o s e l y  w i t h  you and your  s t a f f  i n  c a r r y i n g  o u t  t h i s  
l e g i s l a t i v e  mandate. I f  you have a n y  f u r t h e r  q u e s t i o n s  r e g a r d i n g  
t h i s  m a t t e r ,  p l e a s e  c o n t a c t  me a t  445-4383 o r  have  your s t a f f  
c o n t a c t  T e t e r  D. V e n t u r i n i ;  Chie f  o f  t h e  S t a t i o n a r y  Source 
D i v i s i o n ,  a t  445-0650. 

At tachments  

c c :  Gordon Duffy 
A l e x  K e l t e r ,  DHS, w /a t t achmen t s  
Raymond Neu t r a ,  DHS, w / a t t a c h n e n t s  
P e t e r  D .  V e n t u r i n i ,  ARB 
Assemblywoman S a l l y  Tanner  

' C l a i r e  B e r r y h i l l ,  DFA 
E m i l  Mrak, Chairman and Members 

o f  t h e  S c i e n t i f i c  Review P a n e l  
S e n a t o r  Ra lph  D i l l s  
S e n a t o r  Art.  T o r r e s  

a John  Holmes, ARB 



ATTACHMENT I 
Suggested L i s t  o f  T o p i c s  

CADMIUM 

a 
I. Chemical and Physical Properties 

A. Cadmium compounds 

B. Production and use 

C. Occurrence 

1. Natural 

2. Airborne, water, s o i l  

3. Cigarette Smoke 

4 .  Occupational 

5. Plant Uptake 

6. Food 

11. Acute H e a l t h  Ef fec ts  

A. Acute pulmonary t o x i c i t y  

B. Chronic renal  damage (see  Section V)  

111. Carcinogenicity 

A. Epidemiologic evidence 

1. Lemen s tudy (1976). Cohort of 292 workers i n  cadmium 

production f a c i l i t y .  An excess of malignant resp i ra tory  

disease fsund a s  was &I excess of cancer of the  prostate .  

2. Varner study (1983). An enlarged version of the  Lemen s tudy 

t h a t  demonstrated dose-response relat ionships  fo r  both lung 

cancer and t o t a l  neoplasms. 

3 .  Thun study (1984). Cohort of Lemen expanded t o  602 white males 

with a t  least 6 months work i n  cahium production between 1940 

- 1969. ?his cohort was followed through 1978. Mortality f r a n  

cancer of t h e  resp i ra tory  t r a c t  (but not the  p ros t a t e )  was 

s ign i f i can t ly  grea te r  i n  t h e  cohort than the  general population 

2 :  Cancer mor ta l i ty  increased with an increase i n  

e x p s u r e .  Zhun considered both possible confounders of a r sen ic  

and smoking and dismissed both. 



4.  Other epidemiologic s tud ies :  Sorahan et a l . ,  1983; Armstrong 

e t  a1 1983, 1982; Holden H., 1980; providing l imited - -- 1 

addi t ional  epidemiologic evidence for  excess lung cancer 

m r t a l i t y .  

5. C. A. G. : Further evidence provided by CAG under ' the  

assumption t h a t  a r sen ic  is add i t ive  t o  the  r i s k  of lung cancer 

from cadmium while smoking i s  mul t ip l ica t ive  indicates  t h a t  the 

upper bound fo r  t h e  expected number of lung cancer cases  is 

still s i g n i f i c a n t l y  below t h a t  of the observed number of cases 

a t  the  P< 0.05 l eve l  i n  the  Thun study. 

6. NIC6H: Cadmium is a po ten t i a l  occupational carcinogen. 

7. IARC: The human epidemiologic evidence appears t o  provide 

l imited evidence of lung cancer risk from e m s u r e  to  cadmium. 

(conclusion p r io r  t o  Tnun s tudy) .  

8. Animal evidence 

1. Takenaka -. et  - a l .  study, 1983. EXpsure of r a t s  to cadmiwn 

chlor ide aerosol  by inhalat ion was done over the  l i f e t ime  of 

t h e  animals. A pos i t i ve  dose-response re la t ionship  fo r  t h e  

developnent of primary lung carcinoma was shown. 25 out  of 35 
3 r a t s  (71.4%) exposed t o  50 ug/m cadmium chlor ide aerosol  

developed lung cancer compared t o  0 ou t  of 38 unexposed 
3 

controls.  20 ou t  of 38 (52.6%) ex sed to 25 ug/m and 6 out  Y of 39 (15.4%) exposed to  12.5 ug/m developed lung cancer. 

2. Additional animal s tud ie s  contr ibut ing information t o  the  

carcinogenic po ten t i a l  of cadmium. 

a. Lung cancer i n  r a t s  by s ing le  inhalat ion exposure (Hadley 

e t  al. ,  1979). -- 



b. Mammary t m r s  i n  males by multiple tracheal i n s t i l l a t i o n  

(Sanders e t  a l . ,  1984). -- 

c. Pancreatic I s l e t  c e l l  tumors following parenteral  

administration of cadmium chloride (Poiri-er et  a l . ,  1983). -- 

d .  Prostate  tumors by in j ec t ions  of cadmium chloride i n t o  

pros ta te  (Scot t  and Aughey 1979) 

e. I n t e r s t i t i a l - c e l l  tumors of the t e s t i s  observed following 

t e s t i c u l a r  atrophy i n  r a t s  and mice given s.c. inject ions 

of soluble  cadmium salts, cadmium sulphate and cadmium 

chloride (Gum 1964 and 19631, 

f .  Local spindle-cell  sarcomas i n  Wistar r a t s  by s ing le  s.c. 

in jec t ions  of cadmium chloride,  sulphate,  su l f ide ,  and 

oxide (Knorre, 1970). 

C. Short-term tests f o r  genotoxicity 

I. Gene mutation on DNA d m g e  in  bacter ia  or fungi 

a .  Data is confl ic t ing.  Negative r e s u l t s  reported by Heddle 

and Bruce 1977, Milvy and Kay 1978, Polukhina -- et a l .  1977, 

mtrament et al .  1977. -- 
b. Posi t ive r e s u l t s  reported by Hedenstedt -- et d l .  1979, 

Nishioka 1975, and Kanematsu 1980, Takahashi 1972. 

2. Gene mutations i n  mannnalidn cell cul tures  

a .  Mouse lymphoma assay - mutagenic by Amacher and P a i l l e t ,  

1980. Also pos i t i ve  results by Oberly -- et a l .  1982. 

b. a i n e s e  hamster cell assay 
-3- 



Mutagenic r e s u l t s  reported by Ci ;to (1976). Whi and 

ObSawa (1983) demonstrated s ing le  s t rand DNA sciss ion by 

cadmium indicat ing formation of DL&-protein cross-linking 

by cadmium. 

3 .  Studies of cadmium mutagenesis v i a  sex-linked recessive l e t h a l  

test i n  Drosophila Melanogester 

a.  m j o r i t y  of  s tud les  shod no mutagenic response. 

b. Wminant l e t h a l  test in  Dr0~0p3ila resulted in  a posi t ive 

response w i t h  a dose-response relationship.  

4. C h r m s o m l  aberrat ions 

a. In human lymphocytes and human c e l l  l i n e s  r e s u l t s  have been 

conf l i c t ing  and contradictory. 

b. Chinese hamster cells - Chromosomal aberrat ions followed 
- 

treatment with cadmium. 

c. Mouse carcinoma cells - no aberrat ions noted following 

cadmium treatment. 

d.  No observed chrc inosw~l  aberrat ions i n  bone narrow cells of 

rodents t r ea t ed  with cadmium. 

e .  Plants exposed t o  cadmium demonstrated chromosomal 

aberrat ions and gene mta t ions .  

f .  Cadmium is a mutagen t h a t  i n t e r f e r s  with spindle  formation 

i n  v i t r o  and i n  vivo s tudies  i n  manm-als. -- -- 

g. Cadmium induces aneuploidy i n  CHO cells and i n  whole 

marmnals and germ cells of female mice and Syrian hamsters. 



h. Numerical aberrations induced by cadmium chloride in female 

germ cells of mice are inherited in anbryos. 

IV. Reproductive Effects 

A. Animal studies 

1. Testicular damage by cadnium in mice (Gunn et al. 1965, Parizek -- 
1960) 

a. Pretreatment of mice with zinc reduces incorporation of 

cadmium into spermatids. 

b. Cadmium inhibits incorporation of Thymidine into 

spermtogonia-(significant reduction of litter size by 

injection of 1 mg/kg b.w. cacbnium chloride into male mice 

15 to 48 days before mating with untreated female mice) 

c. Destruction of testicular cells (spermtogenic and 

interstitial) of rabbits given 1 to 8 s.c. injections of 

9-18 mg/kg b.w. cadmium chloride. 

d. Ckle s.c. injection of 0.05 mol/kg b.w. (9.2 mg/kg b.w.1 

cadmium chloride into rabbits produced aspermia within 4 

weeks with no recovery. (Paufler and Foote, 1969). 

e. Schroeder and Mitchner (1971) exposed mice for 3 

generations to cadmium in drinking-water (10 ug/ml) which 

produced a reduction in litter size in breeding mice with 

loss of sfrain characteristics after two generations and 

congenital anomalies. 

f. Teratogenesis in rats by.daily oral administration of 20-80 

mg/kg b.w. cadmium chloride days 6 to 19 gestation. 

(Scharf st 1972). 



g. Teratogenesis i n  golden hamsters by i.v. in jec t ion  of 2-4 

mg/kg b.w. cadinium sulphate  on day 8 of ges ta t ion  produced 

c l e f t  l i p s  and pa la tes  and other f a c i a l  de fec t s  (Fern and 

Carpenter 1968). Also i n  r a t  by Barr, 1973: Chernoff, 1973 

and Ishizu e t  a l ,  1973. -- 

h. Necrosis and b l w d  c l o t  formation of placenta with f e t a l  

death 24 hours a f t e r  S.C. in jec t ion  of ca&nium s a l t  i n t o  

r a t s  on one of days 17-21 of pregnancy (Parizek, 1964). 

i. Exposure t o  very low doses of Cd by inhalat ion d id  not 

demonstrate teratogenesis .  

B. Human Studies  

a.  Sex differences:  multiparous pst-menopausal women i n  Fuchu, 

Japan develop i t a i  - i t a i  disease (Tsuchiya, 1969) 

characterized by elevated cadmium b l w d  l eve l s  and osteomalacia 

(proximity t o  cadmium mine). 

b. Placental  t ransfer :  Lauwerys, Bachet, Rolls and Hubermnt-a 

s e r i e s  of papers on cadmiuw l e v e l s  i n  Belgim women i n  placenta,  

maternal and cord blood between 1975 - 1976. Results suggest a 

p a r t i a l  placental  barrier to cadmium t ransfer .  Cadmium crosses  

the placenta and levels m t h e  f e t u s  a r e  general ly  s l i g h t l y  

less than i n  maternal blood. Results i n  smokers suggest 

cadmium from srnoking may lnduce metallothionein synthesis  i n  

the  placenta which can bind cadmium and pro tec t  t h e  fe tus .  

c. Study of Tsvetkova, 1970, showing no e f f e c t  on t h e  menstrual 

cycle i n  106 women working with cadmium. 

d. There is l imited evidence t h a t  reported exposure t o  very high 

l eve l s  of cadmium may induce t e s t i c u l a r  damage i n  men. (Smith 

e t  a l ,  1960 and Favino et a l ,  1968). -- -- 



V. Pharmamkinetics and Toxicity 

A. Animal studies - toxicity 
'. LC50 

in dogs of cadmium chloride mist: 0.32 mg/cadmiWl of 

air for 30 minute exposure. (Harrison etg., 1947) 

2 .  LD5" in mice, rats, guinea pigs, rabbits, dogs and'monkeys of 

cadmium oxide fumes for 10-30 minutes were 4 700, 500, about 
3 

3500, about 2500, 4000 and 15,000 min-mg/m , respectively 
(Barrett -- et al., 1947). 11% retention of cadmium oxide by the 

lungs of these animals. 

3. Snider -- et al. (1973) produced emphysema experimentally in male 

rats exposed to cadmium chloride aerosols (0.1% solution) for 1 

hour per day for 5-15 days. 

4. Cadmium damages testes of experimental animals (see section IV). 

5. Several experiments in rats (Friberg -- et al., 1974, 1975) show 

kidney tubular darrrage when the concentration in the kidney 

cortex is abut 200 ug/g wet weight. 

6. Hypertension has been produced in rats given cadmium in 

drinking water ( 5 ug/ml Cd) for long periods of time (Kanisawa 

& Schroeder, 1969; Perry and Erlanger, 1974). 

7. Cadmium may produce zinc deficiency (Petering etg., 1971) 

8. Large doses of zinc prevent toxic action of cadnium on testes 

(Friberg -- et al., 1974) 

B. Animal studies -pharmacokinetics 

1. Biological half-life of a single oral dose of cadmium in female 

mice was estimated to be 200 days (Richmond - et -.I a1 1966). 



2 .  Following inhalation 10 to 40% of Cadmium is absorbed, 

primarily in the lung and additionally by the gastrointestinal 

tract after mucocilliary clearance. 

3 .  Absorbed cadmium in rats is first transported to the liver and 

slowly transferred to the kidney. Qlly 1 to 2% of absorbed 

cadmium is excreted via the urine or feces. Metallothionein (a 

low ml. wt. protein) found in the liver, red cells, plasma and 
duodenal mucosa of several species is thought to play an 

important role in transport of cadmium in the body. (Norberg, 

1971; Friberg -- et al., 1974). Calcium and iron deficiencies 

enhance the absorption and tissue retention of cadmium. 

Man: toxicity and phamcokinetics 

1. Long term exposure of man to large amounts of cadmium by 
inhalation or ingestion eventually causes renal tubular 

dysfunction (Bolden, 1969; Piscator, 1962: Potts, 1965). 

Osteomalacia may result from disturbances in mineral metabolism 

(Adams -- et al, 1969; Friberg, 19741. 

2. Cadmium's role in human hypertension causation is uncertain 

(Friberg etg., 1974) 

3.  About: 5% of ingested cadmium is absorbed (Rahola -- et al., 1972; 

Yamagata -- et al., 1974) and remainder is excreted in feces. 

Non-exposed subjects excrete 10-60 ug daily in feces (Wester, 

1974). 

4 .  Cadmium is stored with metallothionein in the liver and 

kidneys. me-third of body burden occurs in the kidneys 

(niberg -- et al., 1974). 

5 .  Newborn is practically free from cadmium (Schroeder -- et al.; 

1961). 
-8- 



6. N o m l  levels in kidney cortex at age 50 ranges from 15-30 

ug/g. (Friberg -- et al.; 1974) 

7. 3nokers have higher (5-100%) renal concentrations of cadmium 

than do nonsmokers (Lewis -- et al., 1972) 

8. Urinary excretion of cadmium is 1-3 ug/day in adults. Snokers 

excrete mre (Piscator, 1976). 

9 .  Biological half-life of cadmium in rMn is 10-30 years (Elinder, 

et al., 1976). -- 

VI. Risk Assessment: (Review Articles: U.S. EPA Draft-[April, 19841 

Updated Mutagenicity Assessment of Cadmium) 

A. mantitative estimation of risk 

1. Unit risk for cadmium in air (lifetime-cancer risk occurring in 

a hypothetical population in whicn ali individuals are exposed 

continuously from birth throughout their lifetimes to a 
3 concentration of 1 ug/m of the agent in the air they breathe) 

2. Potency of cadmium relative to other carcinogens that CAG has 

evaluated. 

3. Data for quantitative estimation of risk taken from: 

a. Lifetime animal studies or - 
b. Human studies where excess cancer risk has been associated 

with exposure to the agent. 

t 

c. Mutagenicity studies of irreversible damage to DNA. 

(manta1 type of biologic response characteristic of 



mutagenesis is associated w i t h  a linear non-threshold 

dose-response relationship). 

mse-response assessment based on: 

1. Available animal data 

2. Human epidemiology and monitoring 

3. Workplace evidence 

Range of potential r isks 

1. Uni t  risk e s t i m t e  based on animal study of Takenaka -- e t  a l .  

(1983) using male Wistar r a t s  and cadmium chloride inhalation 

exposure over lifetime of r a t  w i t h  dose-respnse relationship 

shown. 

2. Unit risk estimate based on a human study. 

Study of 'Bun -- e t  al. (1984). Cohort of cadmium smelter workers 

hired on or a f te r  January 1, 1926 ,  and employed for a t  l ea s t  2 

years i n  a production capacity i n  the same plant from January 

1, 1940 t o  December 31, 1969 developed 1 6  cases of respiratory 

cancer deaths through December 31, 1978. ( M y  6.99 would be 

expected). 



ATTACHMENT 1 1  

C a d m i u m  R e f e r e n c e s  ( 1 1 2 4 1 1 5 )  

A m a c h e r .  D .  E and P a i l l e t ,  5 .  C .  ( 1 9 0 0 )  l n d u c t r o n  o f  trifluorothymid~ne-resists?? 
mutan:s by m e t a l  ions in L S l 7 0 Y I T K c l -  c e l l s .  N u t a t  R e s  . 78 (3):p2?9-88 

A n d e r s o n ,  L .  D  et al ( 1 9 8 3 )  U p d a t e d  m u t a g e n i c i t y  and c a r c i n o g e n i c i t y  a s s e s s m e n !  c! 
c a d m i u m :  a d d e n d u m  to the h e a l t h  a s s e s s m e n t  d o c u m e n t  f o r  c a d s i u m  ( M a y  1 9 8 1 )  EPA 
R e p ~ r t . ' E P A - b 0 0 l 1 - B ~ - O Z S A : I S l p p .  - 
A n o n y m o u s  ( 1 9 8 1 )  R o l e  of m e t a l s  in c a r c i n o g a n e s i s .  P r o b l e m s  of e p i d e m i o l o g i c a l  
e v i d e n c e .  E n v i r o n  H e a l t h  P e r s p e c ( .  40:ll-20. 

B'aranski. B . ,  O p a c k a ,  J . ,  V r o : n s k a - N o f e r ,  T . ,  T r r c i n k a - O c h o c k a ,  M . ,  S i t a r e k ,  I; a n d  
M a t c z a k ,  V .  ( 1 9 8 3 )  E f f e c t  of i n h a l a t i o n  e x p o s u r e  t o  c a d m i u m  o x i d e  o n  a r t e r i a l  b l o o d  
p r e s s u r e ,  l i p i d  m e t a b o l i s m  a n d  t i s s u e  c a d m i u m  c o n c e n t r a t i o n  in t i t s . .  N e d  P r  - 
34(!):11-9. 

B z r a n s k i ,  B . ,  S t e t k i e w i c r ,  I . ,  T r r c i n k a - O c h o c t a ,  N . ,  S i t a r e k ,  K a n d  S r y m c z a k ,  V . 
( 1 9 8 2 1  T e r a t o g e n i c i t y , f e t a l  t o x i c i t y  a n d  t i s s u e  c o n c e n t r a t i o n  of c a d m i u m  a d m i n i s t e r e 5  
to f e m a l e  r a t s  d u r i n g  o r g a n o g e n e s i s . .  J A p p l  T o x i c o l  ( U N I T E D  S T A T E S )  2  ( 5 )  
p:55-9. 

E e a u d o l n ,  A  R a n d  F i s h e r ,  D .  L .  ( 1 9 8 1 )  A n  in v i v o l i n  v i t r o  e v a l u a t i o n  o f  
t e r a t o g e n i c  a c t i o n  T e r a t o l o g y  . 2 3  ( 1 ) : p S 7 - 6 1  

G e c k l n g .  G .  C ( 1 9 8 1 )  R e c e n t  a d v a n c e s  i n  t h e  t o x i c i t y  of h e a v y  m e t a l s - - a n  o v e r v i e w  
F u n d z m  A p p l  T c n i c o l .  1 ( 5 1 : 3 4 8 - 5 2 .  

fiest, J .  B .  a n d  N o r i t a ,  N .  ( 1 9 8 2 )  Plan,arians as a  m o d e l  s y s t e m  for in v i t r o  
t e r a t o g e n e s i s  s t u d i e s  . T e r a t o g e n e s i s  C a r c i n o g  n u t a g e n .  2(3-4):277-91 

B i s h o p ,  J .  8 .  a n d  K o d e l l ,  R .  L .  ( 1 9 8 1 )  T h e  h e r i t a b l e  t r a n s l o c a t i o n  a s s a y :  its 
r e l a t i o n s h i p  to a s s e s s m e n t  o f  g e n e t i c  r i s k  f o r  f u t u r e  generations. T e r a t o q  C a r c i n o g  
M u t i ?  1 3 0 5 - 3 3 2  

B r u c e ,  V. R  a n d  H e d d l e ,  J .  A .  ( 1 9 7 9 )  T h e  m u t a g e n i c  a c t i v i t y  of 6 1  a g e n t s  a s  
d e t e r m i n e d  b y  t h e  m i c r o n u c l e u s ,  S a l m o n e l l a ,  a n d  s p e r m  a b n o r m a l i t y  a s s a y s . .  C a n  J 
C e n e t  C y t o l  . 21 ( 3 )  : p 3 1 9 - 3 4 .  

C a p e r n a ,  T .  J a n d  F a i l l a ,  M .  L .  ( 1 9 8 1 )  C a d m i u m  m e t a b o l i s m  by rat l i v e r  e n d c t h e l i a l  
a n d  K u p f f e r  c e l l s . .  B i o c h c m  J. 2 2 1 ( 3 ) : 6 3 1 - 6 .  - 
C a r m i c h a e l ,  N. C . ,  B a c k h o u s e ,  8 .  L . ,  W i n d e r ,  C. and L e w i s ,  P .  D. ( 1 9 8 2 )  
T e r a t o g c n i c i t y ,  t o x i c i t y  a n d  p e r i n a t a l  e f f e c t s  of c a d m i u m . .  H u m  T o ~ i c o l  ( E N G L A N D )  

1 ( 2 )  : p 1 5 9 - 8 6 .  

C h a n g ,  L. V.. V a d e ,  P .  R., P o u n d s ,  J. G .  a n d  R e u h l ,  K. R .  ( 1 9 8 0 )  P r e n a t a l  a n d  
n e o n a t a l  t o x i c o l o g y  and p a t h ? l o g y  o f  h e a v y  metals.. A d v  P h i r m a c o l  C h e m o t h e r  
11 : p 1 9 5 - 1 3 1 .  

C h e r ~ a n ,  tl G ( 1 9 8 0 )  C h e l a t i o n  of c a d m r u m  w i t h  E A L  a n d  D T P A  in r a t s  N a t u r e  
2 0 7  ( 5 7 0 5 )  p 8 7 1 - 2  

C h e r i a n ,  N  G  ( 1 5 8 0 )  B i l i a r y  er:retion of c a d ~ i u m  in r a t .  I l l .  E f f e c t s  of chela:ing 
a g e n t s  a n d  c h a n g e  in i n t r a c c l l u l a r  t h i o l  c o n t e n t  o n  b i l i a r y  t r a n s p o r t  a n d  
t i s s u e  d i s t r i b u t i o n  of c a d m i u m .  J T o x i c o l  E n r i r o n  H e a l t h  . 6 ( 2 )  : p 3 7 9 - 9 1 .  



E 
1 6  Chertok. R  J  . Kullgren. B and Burbank. D  ( 1 9 8 4 )  T h e  e f f e c t s  o f  CdClZ on the 

maternal-to-fetal clearance of 67Cu and placental blood flow. P r o c  Soc Exp 6x01 Mrd 
( U N I T E D  S T A T E S )  . 176 ( 2 )  pl38-42 

17. Christley. J ,  and V e b s t e r ,  V 5 .  ( 1 9 8 3 )  C a d m i u m  uptake and distribution in m o u s e  
e. ryos following maternal e x p o s u r e  during the organogcnic p e r i o d ,  a  sctntilla!lcn 
and autoradiographic study T e r a t o l o q y  ( U N I T E D  S T A T E S )  27 ( 3 1 . ~ 3 0 5 - 1 2  0 

l a  i o h e n ,  B L  (1983) H e a l t h  elfects of cadmium w a s t e s .  Health P h g s  45(5) 1007 

l a .  C o l b y ,  H .  D , Z u l k o s k i ,  d S . ,  Johnson, P .  B . ,  P o p e ,  U .  R and Hales. P .  R .  ( 19841 
S i t e s  of action of cadmium in v i t r o  on h e p a t i c ,  adrenal, and pulmonary microsomai 
m o n o o x g g e n a s e s  in guinea pigs.. Toxicol Appl P h r r m a c o l .  73(1):1*0-8. 

2 0 .  C opius P e e r e b o o m ,  J .  V. and C o p i u s  Peereboom-Steqenan, J .  H. J .  ( 1 9 8 1 )  Exposure and 
health e f f e c t s  of cadmium 2 .  T o x i c  effects of c a d m i u m  to animal and m a n .  T o x i c o l  
Environ C h e m  4(1-2):67-178. 

- 
2 1 .  C ~ s t a ,  U .  ( 1 9 8 2 )  In vitro and in sivo c a r c i n o g e n e s i s  of metals and their compounds 

produced b y  coal c o m b u s t i o n  P r o g r e s s  R e p o r t .  NTIStDE82013352. 

2 2 .  D e g r a e v e ,  N .  (1981) C a r c i n o g e n i c ,  teratogenic and mutagenic e f f e c t s  o f  cadmlum 
Mutat R e s  86 ( 1 1  p 1 1 5-35 

23 D e l l ,  R et a1 ( 1 9 8 1 )  P r o b l e m s  o f  e pidemioloqical evidence Environ Health Persper! 
1 0 ( 0 ) : l l - 2 0 .  

2 4 .  D o m e k ,  M .  J . ,  Leihevallier, U .  V.. C a m e r o n ,  S .  C .  and Ncreters, G ,  A .  ( 1 9 8 4 )  Evidence 
for the role of copper in the injury process o f  c o l i f o r m  bacteria in drinking w a t e r  
A p p l  Environ Flicrobiol. 48(2):289-93. 

2 5  Engstrom. B .  ( 1 9 8 4 )  Effects of chelatinq agents on oral uptake and renal d e p o s i t i o n  ,, 

and excretion of c a d m i u m . .  E n v i r o n  Health P e r s p e c t .  54:219-32. 

26 Ernst, P .  rnd T h e r i a u l t ,  G .  ( 1 9 8 4 )  Known occupational carcinogens and their 
s i g n ~ f i c a n c e  C a n  Ned A s s o c  J  ( C A N A D A )  1 3 0  (7):p863-7 

7 F a h i m ,  U .  S  and Khare, N. K .  ( 1 9 8 0 )  E f f e c t s  o f  subtoxic levels of lead and 
cadmium on urogenital o r g a n s  of male r a t s . .  Arch Androl . 4 ( 4 ) : p 3 5 7 - 6 2 .  

2 8 .  P e r m ,  V .  H  and Layton, V. K .  J .  ( 1 9 7 9 )  R e d u c t i o n  in cadmium t e r a t o q e n e s i s . b y  prior 
c a d m i u m  e e p s o u r e .  E n v i r o n  R e s  18 ( 2 )  :p347-50. 

2 7 .  richbein, L  ( 1 9 8 4 ) . O v e r v i e w  o f  analysis o f  carcinogenic andlor mutagenic m e t a l s  i n  
t ~ o l o g t c a l  and environmental s a m p l e s .  I.Arsenic, beryllium, c a d m i u m ,  c h r o m ~ u m  and 
s e l e n i u m  . Int J E n viron Anal C h e m  ( E N G L A N D )  17 ( 2 )  :p113-70. 

30 Friberg, L. ( 1 9 8 4 )  C a d m l u m  and the k i d n e y . .  Ensiron Health P e r s p r c t .  54:l-11 

31. G a l e ,  G. R . ,  Atkins, L .  K., W a l k e r ,  E. M .  J . ,  Smith, A .  0 .  and J o n e s ,  K .  H. ( 1 9 8 0  
D i t h i o c a r b a m a t e s  and c a d m i u m  m e t a b o l i s m :  f u r t h e r  correlations of c a d m i u m  c h e l a t e  
partition c o e f f i c i t n t s  w i t h  pharmacologic activity.. Ann Clin L a b  S e i .  14(2).137-45 

?:. ~ a ' l e ,  T F .  and Layton, V M .  ( 1 9 8 0 1  T h e  susceptibility of inbred s t r a i n s  of 
harsters to cadmrum-induced embryotoxlcity . T e r r t o l o g y  21 ( 2 ) : p l B l - 6  

3 3 .  G e o r g e ,  S  G .  ( 1 9 8 3 )  H e r v ~  m e t a l  detoxicrtion in U y t i l u s  kidney--an in sitro study 
Cd- and Zn-binding to isolated tertiary l g s o s o m e s . .  Comp Biochem Physiol CC1. 
76(1) : 5 9 - 6 5 .  



34 Clcnnas. A .  and Rugstad, H .  E .  ( 1 9 8 4 )  Cadmium uptake and m e t a b o l i s m  in cultured 
c r l l s .  Environ Health P e r s p e c t .  54:45-50. 

G o o d m a n ,  D R  , James, R  C .  and Harbison. R. D  ( 1 9 8 2 )  Placental torrcology. Food 
Chem i o x ~ c o l  (ENGLAND) 2 0  ( I l . p l 2 3 - 8 .  

%ailenbeck, W  H  (1984' Human health e f f e c t s  of erposgre to cadmrum Expertent:i 
( S W I T Z E R L A N D )  40 ( 2 )  p136-42 

iiarkov. R t 1 9 8 2 )  Toxic air pollutants--assessing their rmpor!ance.. Sci Total 
Envtron ( N E T H E R L A N D S )  26 ( 1 )  :p67-85 

Hatrington, J U .  (1980) Target organs: the g e n i t o - u r ~ n a r y  trac't.. J S o c  Occup U e d  
3 0  ( 2 )  -p74-8 

H a y a s h i ,  K . ,  Fujiti, H .  and S u g i m u r a ,  T. ( 1 7 8 3 )  Effects of tumor promoters on the 
frequency o f  metallothionein I gene amplif.ication in cells exposed to cadmium. 
Cancer R e s  ( U N I T E D  S T A T E S )  4 3  ( 1 1 )  : p 5 433-6. 

J e n n e t t e ,  K  U (IP8t) T h e  role of metals rn carcinogenesis. b l o c h e m i c t r ~  and 
m e t a b o l r s m .  Environ H e a l t h  Perspect 4 0 : p 2 3 3 - 5 2 .  

K a n e m a t s u ,  N  . Hara, H .  and Kada, T. ( 1 7 8 0 )  R e c  assay and sutagenicitg studies on 
metal c o m p o u n d s . .  Uutat R e s  . 7 7  (2):plOP-16. 

K a r i n ,  tl ( 1 9 8 4 )  Interactions o f  heavy metal ions w i t h  h u m a n  genome. Crisp Data B a r e  
N a t i o n a l  Institute o f  H e a l t h .  CRlSP1841ESD3222-Dl: 

K a s t e l a n ,  U  , Cerencer, U . ,  Krstclan, A .  and G a m u l i n ,  5 .  (1981) lnhibition of rnitcgec 
and s p e c i f i c  antigen-induced human lyphocyte proliferation b y  c a d m i u m  Ex? Cell B i c !  
:9(1):15-19. 

Kaths. D 5  ( 1 9 8 3 )  In v.iwo cytogenetic e f f c t s  of some salts of the heavy 
m e t a l s : c a d m i u m ,  chromium mercury and platinum in assays o f  nicronuclei and sister 
chromatid exchange NTISlDE83770037. 

Kawr!a, H and Suzuki, K .  T ( 1 9 8 4 )  T h e  effect of cadmium, zinc or copper loading c -  
:he metabolism of amino acids in mouse liver.. T o x i c 0 1  Lett. 20(2):149-54. 

Kar.antris. G .  ( 1 9 8 4 )  Mutagenic a n d  carcinogenic e f f c c t s  of cadmium. Toxtcol Envr rcn 
C h c m .  8!4):267-78. 

K e l m a n ,  B .  J .  and Walter, B .  K .  (1980) letal to maternal cadmium movements icrors the 
p e r f c s e d  hemnchorial placenta of the guinea p i g .  Toxicol Appl Pharm&ca! . 5 2  ( 3 )  
p.100-6 

K l a z s s e n ,  C D .  ( 1 9 8 1 )  Pharmacokincticr in metal tor'citp.. rundam Appl Toxicol 
1 ( 5 ) . 3 5 3 - 3 5 5 .  

K i e i n ,  N .  W . ,  Voglcr, U .  A . ,  Chatot, C .  L. and P i e r r o ,  I. J .  (1980) T h e  use 0.1 
c u l tured rat embryos to evaluate the teratogenic activity o f  serum: cadmium and 
c y c l o p h o s p h a m i d e . .  T e r r t o l o g y  . 21 ( 2 )  :pt99-208. 

K o l l e r ,  L D  ( 1 9 8 0 )  P u b l i c  health risks o f  environmental contamtnants. heasy 
m e t a l s  and industrial chemicals.. J Am Vet Ned Assoc . 176 ( 6 )  . p 525-9. 

Kcpp. S .  J . ,  P e r r y ,  H H J , P e r r y ,  E .  F .  and Erlanger, H .  ( 1 9 8 3 )  Cardiac 
physiologtc and tissue metabolic changes f o l l o w i n g  chronic low-level cadmium and 
cadmium plus lead ingestion in the rat.. Toxicol Appl Pharmacol. 69(1):149-60. 



5 2  K o s t i a l ,  K  ( 1 9 8 1 )  Effect o f  age and dret o n  r e n a l  c a d m i n m  r e t e n t i o n  in rats 
E n v r r o n  H e a l t h  P e r r p e c t .  5 4 . 5 1 - 6  

53 K o s t i a l ,  6.. K e l l o ,  D., B l a n u s a ,  ?I., H a l j k o v i c ,  T. and Rab a r ,  I .  1 1 9 7 9 )  l n f l u r n c c  o f  
s c m e  f a c t o r s  on c a d m i u m  p h a r m a c o k i n e t i c s  a n d  t o x i c t t y  . E n r i r o n  H e a l t h  F e r s p e c t  

28 . p a p - 9 5 .  

5 4 .  K u c z u k ,  M  H and S c o t t ,  V J J ( 1 9 8 4 )  P o t e n t i a t i o n  o f  a c e t a z o l a m i d e  i n d u c e d  
ect:odactyly in S W  and C 5 7 a L i 6 3  m i c e  b y  c a d m i u m  s u l f r t e  . T c r a t o l o q y  ( U N I T E D  STATES', 

1 9  ( 3 )  :pq27-3s 

SS L a v e l l e ,  J H. ( 1 9 8 4 )  I n t e r a c t i o n  b e t w e e n  m e t a l s  a n d  non-metal m u t a g e n s  ( 5  
t y p h i m u r i u m  a n d  E coli). C r i s p  D a t a  B a s e  N a t i o n a l  I n s t i t u t e  of He,?.lth. 
CRISF 1841ES02371-02: 

5 6 .  L e e .  J .  S and Vhite. K L  ( 1 9 8 0 )  A r e v i e w  of t h e  h e a l t h  e f f e c t s  o f  c a d m i u m . .  Am J 
lndustr bled l ( 3 - 0 - P . 3 0 7 - 3 1 7 .  

57 L i s k ,  D .  J  . , Boyd R D ,  , -  T e l f o r d  J N ,  , B a b i s h  J G ,  , S t o e w s a n d  G S ,  , B a c h e  
CA and G u t e n m a n n ,  V .  H. (19821  T o x i c o l o g i c  s t u d i e s  w i t h  s w i n e  f e d  c o r n  g r o w n  o n  
m u n i c i p a l  s e w a g e  sludge-amended s o i l . .  J  A n i m  S c i  ( U N I T E D  S T A T E S )  . 5 5  ( 3 ) : p b l l - 9  

5 8 .  L o s e r ,  E .  ( 1 9 8 0 )  A  2 year oral c a r c i n o g e n i c i t y  s t u d y  w i t h  c a d m i u m  o n  r a t s .  C a n c e r  
Lett . 9  < 3 ) : p l 9 1 - 8 .  

5 9 .  L o w e r ,  V .  R .  ( 1 9 8 0 )  C a r c i n o g e n i c ,  m u t a g e n i c  and t e r r a t o g e n i c  e f f e c t s  o f  c a d m i u m  a n d  
a s e n i c ,  i n :  H e a l t h  e f f e c t s  of p h o t o v o l t a i c  t e c h n o l o g g .  B r o o k h a v e n  N a t l  L a b ( R e p o r t )  
BNL 5 1 1  1 8 -  1 9 7 - 2 0 5 .  

6 0 .  M a l t o n i f  C.. M o r i s i .  L .  and C h i e c o ,  F .  ( 1 9 8 2 )  E x p e r i m e n t 1  a p p r o a c h  to t h e  a s s e s s m e n t  
of t h e  c a r c i n g e n ~ c  risk o f  industrial i n o r g a n i c  p i q m r n t s .  Adv nod E n v t r o n  T o x i c o  
2 7 7 - 7 2  @. 

, , 

al M a r c u s ,  A  H ( 1 9 8 3 )  C o m p a r t m e n t a l  m o d e l s  for t r a c e  n e t a l s  in m a m m a l s  . S c i  T o t a l  
E n v i r o n .  2 8 . 3 0 1 - 1 6  

6 :  M i l l e r ,  R  K  ( 1 1 8 3 )  P e r i n a l a l  t o x i c o l o g y :  i t s  recogni:lon and f d n d a m e n t a l s  P I G S  
? ,  
L . I ~  Blol R e s  ( U N I T E D  S T A T E S )  1 1 7  : p 2 0 5 - 4 4  

6 2  Miga,hara, T . ,  S u g i p a m a ,  S . ,  K a j i ,  T . ,  Y a m i s h i t x ,  R.. Oh-e. Y . ,  X u r a n o .  T. and K o r u k a  
H  ( 1 9 8 4 )  I n t e r a c t i o n  b e t w e e n  c a d m i u r n a n d  c o p p e r  in r e l a t i o n  to the c o l l a g e n  
m c t a b o l i c m  o f  e m b r y o n i c  c h i c k  bone in t i s s u e  c u l t u r e . .  Toricol Appl P h a r m a c o l  
7 5 ( 3 ) : 4 7 9 - 8 4 .  

6 4  M u l l e r ,  i ( 1 9 8 3 )  I n f l u e n c e  o f  p a r a c c t a m o l  ( a c e t a m i n o p h e n )  o n  c a d m i u m - i n d u c e d  lipid 
p e r o x i d a t i o n  in h c p a t o c y t r s  from s t a r v e d  r a t s . .  T o r i c o l  Lctt. lS(2-3):159-65. 

5 S  N u r d o c h .  R  N .  and Co w e n ,  N .  I .  ( 1 9 8 1 )  ~ e l o t o ~ i c i t y  of c a d m i u m  in O u a c k e n b u s h  
s t r a i n  m i c e  and the e f f e c t s  of the m e t a l  on u t e r i n e  a l k a l i n e  p h o s p h a t a s e  d u r i n g  
p s e o d o p r e g n a n c y .  Aust J  Biol S c i  ( A U S T R A L I A )  . 3 4  ( 3 )  :p305-1%. 

6 6 .  N a k a m u r a .  K . ,  N i s h i p a m a ,  5 . .  T a k a t a ,  T.. Su z u k i ,  E . .  5ugiura. Y . ,  K o b a ~ a s h i .  T. and 
C h a o ,  8 Y .  ( 1 9 8 3 )  E f f e c t s  o f  z i n c  o n  c a d m i u m - i n d u c e d  a l t e r a t i o n s  in h e p a t i c  
f u n c t i o n s  and blood g l u c o s e  o f  r a t s  . E n v i r o n  R c s .  30(1):175-61 

7 N a t h  R , P:asad, Q. , Palinz!. V K  a n d  C h o p r a ,  R  K  ( 1 9 2 2 )  M?lecu!ar b a s i s  o f  
c a d a l u m  t o x ~ c l t y  Prog Food Nutr S C I  8(1-2)'109-63 



68 Neuber-rr, J 5 .  and Hollowell, J .  G .  ( 1 9 8 2 )  Lunq cancer ercess in an abandoned lead- 
z i n c a i n i n g  and smelting araa.. Sci T o t a l  Enriron (NETHERLANDS) 25 (3) :pZI?- 
P  4  

69 N o m r ~ a m a ,  K ( 1 9 8 0 )  Recent progress and perrpeetires in cadmium health e f f e c t s  
studres Sci Total Environ 14 (3) :p199-232. 

70 N o m i y a m a ,  K and Nomiyama, H .  ( 1 7 8 4 )  Reversibilitl of c a d m ~ u m - i n d u c e d  health el!e:ts 
in r a b b i t s . .  E n v ~ r o n  Health Perspect 5 4 : 2 0 1 - 1 1 .  

7 1 .  Nordberg, G .  F  and Anderren, 0. (1 9 8 1 )  netal interactions in earcinogenesis 
enhancement, inhrbition.. Environ Health Perspect . 40 :p65-81. 

72 N o r d b e r g ,  n. (1984) General aspects of cadmium: transport, uptake and metabolism by 
the k i d n e y . .  Environ Health P e r s p e c t .  5 4 : 1 3 - 2 0 .  

7 3 .  Norseth, T. (1980) Asbestos and metals as carcinogens.. J Toricol Environ H e a l t h .  6(5- 
6):1021-1028. 

7'4. Ochi. T. and Ohsawr, U .  ( 1 9 8 3 )  Induction of 6 - t h i o g u a n i n e - r e s ~ s t a n t  m u t a n t s  and 
single-strand scission of D N A  by cadmium chloride in cultured Chinese hamster cells 
Kutat R e s  (NETHERLINDS) . 1 1 1  ( 1 )  : p 69-78. 

7 5 .  Ochi. T . ,  Takayanagi. U  and Ohsawa, U .  (1983) Cadmium-induced D N A  single-strand 
scissions and their repair in cultured Chinese hamster cells. T o x i c o l  Lett. 18t1- 
21.177-184. 

76. O h n o ,  H . ,  H a n a o k a ,  F. and Yamada, U .  (1982) Inducibility of sister-chromatid 
exchanges by heavy-metal ions.. Uutat R e s .  104(1-3):P.lll-145. 

, 7 .  Osuna. 0 and Edds. C T. (19821 T o x i c o l o g y  01 aflatoxin I f ,  w a r f a r i n .  and cadmiux in 
young pigs: performance and h e m a t o l o g y . .  Am J Vet Res ( U N I T E D  STATES) 43 ( 8 1  . .~ .  
:pl380-6 

7 8 .  O s u n a ,  0 .  and E d d s .  G. T. (1 9 8 2 )  T o x i c o l o g y  of aflatoxin 8 1 ,  w a r t a r i n ,  and cadmium in 
young pigs. clinical chemistry and .blood coagulation.. Am J Vet R e s  (UNITED STATES, 

43 i8i ' ~ 1 3 8 7 - 9 4 .  

5 7 .  O s c n a .  O . ,  Edds, C. T. and Simpson, C .  F .  (1982) Toricology of aflatoxin 8 1 ,  
warfarin, and cadmium in young pigs: metal residues and p a t h o l o g y . .  Am J Vet Res 
(UIdITED STATES) 43 ( 1 )  :pl375-400. 

8 0 .  Packman. S . ,  O'Toole, C . ,  P r i c e ,  D. C .  and Thaler. tl. U .  ( 1 9 8 3 )  C a d m i u m ,  zinc. and 
copper.metabolism in the mottled m o u s e ,  an animal model for U e n k e s '  kinky hai: 
syndrome.. J lnorg Biochem. 19(3):20,3-11. 

8 1 .  P a l m e r ,  K .  C . ,  Nasecm, 5 .  M.. H a y e s ,  J .  A and Tishler, P. V. ( 1 9 8 3 )  Lung argl 
hydrocarbon hydrorylase: inhibition following cadmium chloride inhalation.. Environ 
R e s .  32(2) :432-14. 

8 1 .  P a n e m a n g a l o r e ,  M. and Cherian, M. G .  ( 1 9 8 3 )  netabolism of parenterally administered 
zinc and cadmium in livers o f  n e w b o r n  r a t s . .  Chem Biol Interact. 4513):327-39. 

8 3  Parodi. 5.. Taningher, n .  and Srnti, L .  (19821 Alkaline elution in vivo: Fluorometri: 
analyris in r a t s .  Quantitative predictivrty of carcinogenicity, 1 s  compared w r t h  
cther short-term tests, in rndrcatlons o f  gtnotorrc exposure Banbury Report 1 3  i?'-  
1 5 5  



8 4  P e r l i n ,  5 .  ( 1 9 8 4 )  R e n a l  a n d  s k i n  n e o p l a s m  e f f e c t s  o f  c a d m i u m  i n g e s t i o n  in m a l e  r a t s  
C r i s p  D a t a  B a s e  N a t i o n a l  I n s t i t u t e  of H e a l t h .  ~ R l ~ P 1 8 4 1 ~ ~ 0 0 1 3 0 - 2 0 b O L 9 :  

8 5  P e t e r i n g ,  D .  H  , L o f t s q a a r d e n ,  J . ,  S c h n e i d e r ,  J .  a n d  l o w l e r ,  B .  ( 1 9 8 4 )  U e t a b o l ~ s m  o f  
c a d m i u m ,  z i n c  and c o p p e r  in t h e  rat k i d n e y :  t h e  t o l e  o f  n e t a l l o t h i o n e i n  and o t h e r  
b i n d l n q  s i t e s  E n v i r o n  H e a l t h  P e r s p e c t  5 4  7 3 - 8 1 .  

26 f i s c a t o t .  U  ( 1 9 8 1 )  R o l e  of c a d m i u m  in c a r c l n o g e n e s i s  wl!h s p e c i a l  r e f e r e n c e  l o  
c a n c e r  of t h e  p r o s t a t e  E n v ~ r o n  H e a l t h  P e r s p e c t  4 0  p107-20 

8 4 .  P o i r i e r ,  L  A ,  X a s p r z a k ,  X .  5  , H o o v e r ,  K .  L .  a n d  V e n k ,  U .  L .  ( 1 9 8 3 )  E f f e c t s  of 
c a l c i u m  and m a g n e s i u m  a c e t a t e s  o n  t h e  c a r c i n o g e n i c i t y  o f  c a d m i u m  c h l d r i d e  i n  
V i s t a r  r a t s . .  C a n c e r  R e s  ( U N I T E D  S T A T E S )  . 1 3  ( 1 0 )  : p 4 5 7 5 - 8 1 .  

8 E .  P r e n t i c e ,  R .  C , H a w l e y ,  P .  L . ,  C l o n e k ,  7. an d  K o p p ,  5 .  J .  ( 1 9 8 4 )  C a l c i u m - d e p e n d e n t  
e f f e c t s  of c a d m i u m  on e n e r g y  m e t a b o l i s m  a n d  f u n c t i o n  o f  p e r f u s e d  rat h e a r t . .  T o x i c o l  
Appl P h a r m a c o l .  7 5 ( 2 ) : 1 9 8 - 2 1 0 .  

- 
8 9 .  R a d y ,  P . ,  A r a n y ,  I . ,  B o j a n ,  F .  a n d  K e r t a i ,  P .  ( 1 9 8 0 )  E f f e c t  of c a r c i n o g e n i c  and n c n -  

c a r c i n o g e n i c  c h e m i c a l s  o n  t h e  a c t i v i t i e s  o f  f o u r  g l y c o l y t i c  e n z y m e s  in m o u s e  l u n g .  
C h e m  Eiol I n t e r a c t  . 31 ( 2 )  : p 2 0 9 - 1 3 .  

9 0 .  S a d y .  P . ,  A r a n y ,  I , U z v o l g y i ,  E .  a n d  B o j a n ,  F ,  ( 1 9 8 1 )  A c t i v i t y  o f  p y r u v a t e  k i n a s e  
and l a c t i c  a c i d  d e h y d x o g e n a s e  in m o u s e  lung a f t e r  transplacenta'l e x p e s s n e  t o  
carcinog.enic and n o n - c a r c i n o g e n i c  c h e m i c a l s . .  T o x i c o l  L e t t .  8 6 4 - 5 ) : 2 2 3 - 7 .  

5 1 .  R a j a n n a ,  B . ,  H o b s o n ,  U . ,  R e e s e ,  J . ,  S a m p l e ,  E .  a n d  C h a p a t w a l a ,  K .  D .  ( 1 9 6 4 )  C h r o n i c  
h e p a t i c  and r e n a l  t o x i c i t y  by c a d m i u m  i n  r a t s . .  D r u g  C h e m  T o x i c o l .  7(3):i?9-41. 

9 2 .  R e c o r d ,  I R  , D r e o s t i ,  I .  E .  a n d  M a n u e l ,  5 .  J .  ( 1 9 8 2 )  I n h i b i t i o n  o f  rat y o l k  
p i n o c y t o s i s  by c a d m i u m  a n d  i t s  r e v e r s a l  by z i n c . .  J Nut: ( U N I T E D  S T A T E S )  . 111 ( 1  
p i P P 4 - 8 .  .c. 

* - r ; .  R e c o r d ,  1 .  R . ,  D r e o s t i ,  I .  E., M a n u e l ,  5 .  J .  a n d  B u c k l e y ,  R .  A. ( 1 9 8 2 )  I n t e r a c t i o n s  
of c a d m i u m  a n d  z i n c  in c u l t u r e d  rat e m b r y o s . .  L i f e  S c i  ( E N G L A N D )  . 3 1  ( 2 9 )  : p 2 9 3 5 -  
4 3 

7 4  R e i f ,  A .  E ( 1 9 8 4 )  S y n e r g i s m  in c a r c i n o g e n e s i s . .  J N C I  ( U N I T E D  S T A T E S )  7 3  ( l i  

: p 2 5 - 3 9  

9 5 .  R e v i s ,  N .  V. and O s b o r n e ,  T, R .  ( 1 9 8 0  D i e t a r y  p r o t e i n  e f f e c t s  o n  c a d m i u m  a n d  
m e t a l l o t h i o n e i n  a c c u m u l a t i o n  in t h e  l i v e r  a n d  k i d n e y  of r a t s .  E n v i r o n  H e a l t h  
P t r r p e c t .  1 3 . 8 3 - 9 1 .  

9 5 .  R i v e d a l .  E a n d  S a n n e r ,  T .  ( 1 9 8 1 )  N e t a l  s a l t s  a% p r o m o t e r s  of in v i t r o  
m o r p h o l o g i c a l  t r a n s f o r m a i i o n  o f  h a m s t e r  e m b r y o  c e l l s  initiated by b e n z o ( r ) p y r e n e  
C a n c e r  R e 5  41 ( 7 ) . p 2 9 5 0 - 3 .  

3 7 .  R o b i s o n ,  S  H , C a n t o n i ,  0 .  a n d  C o s t a ,  K. ( 1 9 8 3 )  I n d u c t i o n  o f  D N A  d a m a g e  a n d  r e p a i r  
b y  m e t a l  c a m p o u n d s .  J C e l l  B i o c h e m .  O ( 7  P a r t  B ) : 1 1 S p p .  

9 8 .  R o s a s ,  I . .  C a r b a j a l ,  U .  E . ,  C o m e z - A r r o y o ,  S . ,  B e l m o n t ,  R .  a n d  V i l l a l o b o s - P i e t r i n i ,  R  
:19.84) C y t o g e n e t i c  e f f e c t s  o f  c a d m i u m  a c c u m u l a t i o n  o n  w a t e r  h y a c i n t h  (Ei:hhornli 
c r a s s i p e s l  . E n v i r o n  R e s  ( U N I T E D  S T A T E S )  3 3  ( 2 )  . p 3 8 6 - 9 5 .  

3 3  ~ a m 3 : a w i c k r a n a .  c a n d   ebb, H ( I c u t e  t of c a d m l u n  on t h e m  
p r e g n a n t  rat and e m b r y o - f e t a l  d e v e l o p m e n t  E n v i r o n  H e a l t h  P e r s p e c t  2 8  P  
9  



6. 
1 0 0 .  S a m a l a w i c k r a m a ,  C .  P .  a n d  W e b b ,  N .  (O c t  1 9 8 1 )  T h e  a c u t e  t o x i c i t y  and t e r a t o p e n i c i t y  

o f  c r d m i u m  in t h e  p r e g n a n t  r a t . .  J Appl T o x i c o l  (UN-ITED S T A T E S )  1 ( 5 )  : p 2 6 4 - 9 .  

1 0 1 .  S a n d e r s ;  C .  L. a n d  n a h a f f e y .  J .  A .  ( 1 9 8 4 )  C a r c i n o g e n i c i t 1  of s i n g l e  and m u l t i p l e  
i n t r a t r a c h e a l  i n s t i l l a t i o n s  o f  c a d m i u m  o x i d e  i n  t h e  rat . E n v i r o n  R e s .  33(1):227-,33 

S a n n E r .  E .  R and R i v e d a l ,  E .  ( 1 9 8 1 )  P r o m o t i o n  o f  in-vrtro morpho1op:cal 
!:an$forma!ron by m e t a l  s a l t s .  B i o c h e m  S o c  T r a n s  9(2):30Opp 

10: j e a q r a v e ,  J , H i l d e b r a n d ,  C .  E  and E n g e r ,  n. D .  ( 1 9 8 3 )  E f f e c t s  of c a d m i u m  o n  
g l u t a t h i o n e  m e t a b o l i s m  in c a d m i u m  s e n s i t i v e  a n d  c a d m i u m  r e s i s t a n t  C h r n e s e  h a m s t e r  
cell l i n e s . .  T o x i c o l o g y .  2 9 1 1 - 2 ) : I O l - 7 .  

1 0 4 .  S i l v e r ,  5 .  and n i s r b ,  T. K .  ( 1 9 8 4 )  B a c t e r i a l  t r a n s f o r m a t i o n s  o f  a n d  r e s i s t a n c e s  !o 
h e a v y  m e t a l s  . B a s i c  L i f e  S c i .  1 8 : 2 3 - 4 6 .  

!O:. S i n q u i n ,  C , N o r f i n ,  R .  T . ,  C h a r l e s ,  J .  F .  a n d  F l o c h ,  H. H .  (1 7 8 4 1  T e s i o s t e r o n e  
m e t a b o l i s m b y  h o m o g e n a t e s  of h u m a n  p r o s t a t e s  w i t h  b e n i g n  h y p e r p l a s i r :  e f f e c t s  o f  
z i n c .  E a d m i u m  and o t h e r  b i v a l e n t  c a t i o n s . .  J S t e r o i d  B i o c h e m .  ZO(3):773-80. 

1 0 6 .  S m i t h ,  E. R .  and H a g o p i a n ,  N .  ( 1 9 0 1 )  U p t a k e  a n d  s e c r e t i o n  o f  c a r c i n o g e n i c  
c h e m i c a l s  by t h e  d o g  a n d  rat p r o s t a t e . .  P r o g  C l i n  Biol R e s  ( U N I T E D  S T A T E S )  
7 S B  . p 1 3 1 - 6 3 .  

ID7. S q u ~ b b ,  K 5 .  a n d  F o w l e r ,  B .  A .  ( 1 9 8 4 )  I n t r a c e l l u l a r  m c t a b o i i s m  and e f f e c t s  o f  
c i r c u l a t i n g  c a d m i u m - m e t a l l o t h i o n c i n  in t h e  k i d n e y . .  E n v i r o n  H e a l t h  P e r s p e c t .  5 4 . 3 1 - 5  

1 0 8 .  S t a c e y ,  N .  H . ,  V o n g ,  K .  I.. and K l a a s s e n ,  C .  D .  ( 1 9 8 3 )  P r o t e c t i v e  e f f e c t s  of c h r o m i o m  
o n  the t o x i c i t y  o f  c a d m i u m  in v i v a . .  T o x i c o l o g y  28(1-21:147-53. 

(.@. ~ u l l i ? a n .  n F . ,  ~ a r d y .  J .  . I ,  . n . ,  8uschbo.. R L and s i e w i c t i  T .  C .  
( 1 9 8 4 )  A b s o r p t i o n  a n d  d i s t r i b u t i o n  o f  c a d m i u m  i n  m i c e  f e d  d i e t s  c o n t a i n i n g  e i t h e r  
~ n o r g a n i c  o'r o y s t e r - i n c o r p o r a t e d  c a d m i u m . .  T o x i c o l  Appl P h a r m a c o l  72(2):210-7 

1 1 0 .  S u n d e r m a n ,  F .  W . J r .  ( 1 7 8 4 )  R e c e n t  a d v a n c e s  in m e t a l  e a r c i n o g e n e s i s . .  A n n  C l i n  L a b  
S c i .  14(2):93-122. 

!!I E u t o u .  S  . Y a m a m o t o ,  K., S c n d o t a ,  H. an d  S u g i y a m a ,  n. ( 1 9 8 0 )  i o x i c r t y ,  f e r t i l i t y  
t e r a t o g e n i c i t y ,  a n d  d o m i n a n t  lethal t e s t s  in r a t s  i d m i n i s t e r e d  c a d m i u m  
s c b c h r o n i c a l l y .  1 1 .  F e r t i l i t y ,  t e r a t o g e n i c i t g ,  a n d  d o m i n a n t  lethal t e s t s .  
Ecota'xicol Envir,on S a f e t y  . 4 ( 1 )  : P S I - 6 .  

112. S u t o u ,  S . ,  Y a m a m o t o ,  K . ,  Sendot,. H . ,  T o m o m a t r u ,  X . .  S h i m i r u ,  Y .  a n d  S u g i y a m a ,  n .  
'1 9 8 0 )  T o x i c i t g ,  f e r t i l i t y ,  t e r a t o q e n i c i t y ,  a n d  d o m i n a n t  lethal t e s t s  in r a t s  
a d n i n i s t e r e d  c a d m i u m  s u b c h r o n i c a l l y .  I .  T o x i c i t y  s t u d i e s . .  E c o t o r i c o l  E n v i r o n  S a f e t y  

4  ( 1 )  ip.39-50. 

1 1 3 .  S u z u k i .  K T. ( 1 9 8 4 )  S t u d i e s  of c a d m i u m  u p t a k e  a n d  m e t a b o l i s m  bg !he k i d n e y . .  E n v i r o n  
H e a l t h  P e r s p e c t .  5 4 : 2 1 - 3 0 .  

1 1 4 .  T a k e n a k a ,  5.. O l d i g e c ,  H., K o n i q ,  H . ,  H o e h r a i n e r .  D. an d  O b e r d o r s t e r ,  C .  i l 9 8 3 )  
C a r c i n o g e n i c i t y  o f  c a d m i u m  c h l o r i d e  a e r o s o l s  in W r a t s . .  J H C l  ( U N I T E D  S T A T E S )  . 7 0  
(2 ) : p a & ? - 7 3 .  

1 1 5 .  T a s s i n a r i ,  I? S  a n d  L o n g ,  S  Y .  ( 1 9 8 2 )  N o r m a l  a n d  a b n o r m a l  midfacia: d e v e l o p m e n t  i n  
t h e  c a d m i u m - t r e a t e d  h a m s t e r  T e r a t o l o g g  ( U N I T E D  S T A T E S )  25 ( i )  ;:Dl-13 m 6.  T e l f n r d ,  J .  N . ,  B a b i s h ,  J .  C., J o h n s o n ,  B .  E . ,  T h o n n e y ,  M .  L . ,  C u r r i e ,  W .  B . ,  B a c h e .  
C .  A , .  C u t e n m a n n ,  W .  H .  a n d  L i s k ,  D .  J. ( 1 9 8 4 1  T o x i c o l o g i c  s t u d i e s  w i t h  p r e g n a n t  
q ~ a t s  f e d  g r a s s - l e g u m e  s i l a g e  g r o w n  o n  m u n i c i p a l  s l u d g e - a m e n d e d  s u b s o i l . .  A r c h  



117. T e l f o r d ,  J .  N . ,  T h o n n e ~ ,  U .  L., Hoguc. D .  E., . Stouffer J R ,  , Bachc CA. , 
C u t e n m a n n  V H .  Lisk. D .  J . ,  Bablsh. J .  G .  and S t o e w s a n d ,  G .  5 .  (,1982) Toxicologic 
studies in g r o w i n g  sheep fed silage corn cultured on municipal 
acid s u b s 0 1 1  J T ovicoi Environ H e a l t h  ( U K I T E D  S T A T E S )  0  1 : p 7 3 - 8 5  

1:; 5 . W and F u n q ,  \J ? .  11981) Mutagenicity o f  metallic c a t ~ o n s . .  Toxicol Lett 
a:4-:):155-200 

::? V ~ I R I O .  H .  and S o r f a ,  n .  (1981) C h r ~ m o s o m e  a b e r r a t ~ o n s  and their relevance to meta! 
c a r c i n o g e n e s i s . .  Environ Health Pcrspcct 4 0 . ~ 1 7 3 - 8 0 .  

120 V a a l k c s ,  K .  P .  and Poirier, L. A .  ( 1 9 8 4 )  In r i t r o  cadmium-DNA interactions: 
cooperativity o f  cadmium binding and c o m p e t i t i v e  antagonism by calcium, magnesium. 
and z i n c . .  T o x i c o l  Appl Fharnacol ( U N I T E D  S T A T E S )  7 5  0)  :p539-46. 

121 W a r d e l l ,  R. E . ,  S c e g m ~ l l e r .  R. E. and Bradshaw. V. 5 ( 1 9 8 2 )  Induct-ion of prenatal 
tcxicity in the rat by diethylstilbestrol, xeranol, 3 . 4 , 3 ' , 4 ' , - t e t r a c h l o r o b i p h e n y l ,  
c adalum, and l e a d . .  Teratology ( U N I T E D  S T A T E S )  . 26 (3):p229-37 

1 2 5 .  V z t a n a b e ,  K , H o n d a ,  S . ,  Hayashi, tl. and Matsuda, T. (1 9 8 2 )  Kutagrnic e f f e c t s  o f  
cembinations o f  chemical carcinogens and environmental pollutants in m i c e  a s  shown k,? 
!hr m i c r o n u c l e u s  t e s t .  Kutct R e s  ( N E T H E R L A N D S )  9 7  ( 1 )  p 4 3 - 8 .  

112 W a t a n a b e ,  T , S h i m a d a ,  T and Endo, A  ( 1 9 7 9 )  U u t a g e n i c  e f f e c t s  of  cadmium o n  
a a m m a l i a n  ooryte chromosomes. Kutrt R e s  . 67 (4):p349-56 

I:< W a t e r s ,  M D .  at rl (19831 Genetic toricolojy o f  some known or suspected human 
carcinogens C h e m  M u t a g e n s .  Prin H r t h c d s  Their D e t e c t i o n .  8 . 2 6 1 - 3 4 1 .  

1;:. W e b b ,  K  and Samr:awickrama, C .  P .  ( 1 7 8 1 )  Placental transport and embryonic 
utiliaation of e s s e n t ~ a l  metzbolites in the rat at the teratogenic dose of c a d m i u m .  
T o n i c 0 1  1(5):270-277. 

! : e  Ul:!lam$, 5 , I Y k and Kenrel. D  B ( 1 9 8 4 )  I n t e r a c t ~ o n s  of heavy meta!s 
w i t h  the pulmonary m e t a b o l ~ s n  of C3Hlbenrotrlpyrene E n v ~ r o n  Rer 34(2) 2 1 2 - f 4  

$ ^  - ... Volkovski-Tyl R and Preston, 5 F .  ( 1 9 7 9 )  T h e  interrctron of cadmium-binding proteins 
( c d - b p )  and progesterone in cadmium-induced tissue and embryo toxicity. T e r a t o l o g y .  
10(3):341-352. 

1 2 3  70.q. K L  and Klaassen. C. D ( 1 9 8 7 )  N e u r o t p r i c  etfccts of cadmium In young rats 
Toxicol Appl P h a r m a c o l  63(3) 330-337 

129 Yamamoto, A ,  W a d a ,  O . ,  Ono, T , O n o ,  H . ,  U a n a b e ,  S ,  rnd Ishikawa, 5 .  ( 1 9 8 4 )  C a d m i u n -  
in'duced it lmulation of l ~ p o g e n e s i s  f r o m  glucose in rat rdipocyter.. Biocham J .  
i1?(3):979-84 



Add i t i ona l  References on Cadmium Submitted by 
t h e  Pub1 i c-At-Large - 

1. Submitted by  E l a i n e  Faustman-Matts, U n i v e r s i t y  o f  Washington, Sea t t l e :  

Barr,  M., 1973. The t e r a t o g e n i c i t y  o f  cadmium c h l o r i d e  i n  two s tocks  o f  
Wistar  r a t s .  Tera to logy  7:237-242. 

Chernoff ,  N., 1973. Teratogenic e f f e c t s  o f  cadmium i n  rats. Terato logy 
8:29-32. 

Cvetkova, R. P., 1970. M a t e r i a l s  on t h e  s tudy  o f  the  i n f l u e n c e  o f  
cadmium compounds on t h e  genera t ive  f u n c t i o n .  Gig. Tr.  Prof .  Zabol. 
14:31. 

Dencker, L., 1975. Poss ib le  mechanisms o f  cadmium f e t o t o x i c i  ty i n  go1 den 
hamsters and mice: uptake by the  embryo, p lacenta  and ovary. J. Reprod. 
Fer t .  44:461-471. 

Levin,  A. A., and M i l l e r .  R. K., 1981. F e t a l  t o x i c i t y  o f  cadmium i n  
r a t :  Decreased u te ro -p lacen ta l  b l o o d  f low.  Toxic01 . Appl . Pharm. 
58:297-306. 

M u l v i h i l l ,  J. E., Gamm, S. H. and Ferm, V. H, 1970. F a c i a l  fo rmat ion  i n  
normal and cadmium-treated golden hamsters. J. Embryol. Exp. Morphol. 
24 :393-403. 

a Thueraut, J., I c h a l l e r ,  K. R., tnge lhard t ,  E., and Gossler, K., 1975. 
The cadmium con ten t  o f  t h e  human placenta.  I n t .  Arch. Occup. Environ, 
Hea l th  36:19-27. 

Hut ton,  M., 1983. Sources o f  Cadmium i n  t h e  Environment. Ecotoxic.  and 
Environ. Safety.  7:9-24. 

Itokawa, Y., Abe. T., Tabei, R., and Tanaka, S., 1974. Renal and 
S k e l e t a l  Lesions i n  Experimental Cadmium Poisoning. Arch. Environ. 
Health. 28:149-154. 

Kor te,  F., 1983. Ecotox ico logy  o f  Cadmi um: General Overi  vew. Ecotoxic.  
and Environ. Safety. 7:3-8. 

Lauwerys, R. R., Buchet, J. P.. Roels, H. A.. Brouwers. J.. and 
Stanescu, D., 1974. Ep idemio log ica l  Survey o f  Workers Exposed t o  
Cadmium. Arch. Environ. Health. .28:145-? 

Lemen, R. A., Lee, J. S., Wagoner, J. K., and B l e j e r ,  H., 1976. Cancer 
M o r t a l i t y  Among Cadmium Product ion  Workers. Ann. N.Y. Acad. Sci.  
271 :273-? 



Rieth,  F. H., Stocker,  W. G o ,  and Thiess, A. M., 1983. Chromosome 
I n v e s t i g a t i o n s  o f  Workers Exposed t o  Cadmium i n  the  Manufactur ing o f  
Cadmium S t a b i l i z e r s  and Pigments. Ecotox ic .  Environ. Safety.  7:106-? 

Qua i fe ,  C., Durnam, D., b iot tet ,  N. K., 1984. Cadmium hypersuscept- 
a b i l i t y  i n  C34 mouse l i v e r :  c e l l  s p e c i f i c i t y  and p o s s i b l e  r o l e  o f  
me ta l l o th ione in .  Tox. Appl f e d  Pharm. 76:9-17. 

T. H. Shepard, 1984. Cata log o f  Teratogenic Agents. Johns Hopkins 
Press, Ba l t imore .  

2. Submitted by A. C. Chang, U n i v e r s i t y  o f  C a l i f o r n i a ,  R ivers ide :  

Page, A. L. and A. C. Chang, 1979. Contaminat ion o f  s o i l  and vege ta t i on  
by atmospheric d e p o s i t i o n  o f  t r a c e  metals .  Phytopathology 69(9):10071011. 

Page, A. L., M. M. El-Amamy; and A. C. Chang, 1984. Cadmium i n  the  
environment and i t s  e n t r y  i n t o  t e r r e s t r i a l  food cha in  crops ( t o  be 
pub l i shed  as Chap. 2 i n  a cadmium book; p u b l i s h e r  Srpinger-Verlag, New 
York, N.Y. ). 

3. Submit ted by  Giov ina L. Leone, Cadmium Counci l ,  Inc.,  New York: 

Cole, J. F., Volpe, R., 1983. The e f f e c t  o f  cadmium on t h e  environment. 
Ecotox ic .  and Environ. Safety.  7:151-159. 

Yost, K. J .  and Greenkorn, R. A., 1984. Source-Speci f ic  Environmental 
Impacts and Exposure Mechanisms f o r  Cadmium: A Systems Study. Purdue 

i 
~ n i v e r s i  t y .  

Farnsworth, Marie, i 980. Cadmium Chemicals, I n t e r n a t i o n a l  Lead Zinc 
Research Organizat ion,  Inc.  

Proceedings o f  t h e  Second I n t e r n a t i o n a l  Cadmium Conference 1980. 
Proceedings o f  the  T h i r d  I n t e r n a t i o n a l  Cadmium Conference 1982. 
Proceedings o f  the  Four th  I n t e r n a t i o n a l  Cadmi um Conference 1983. 
Cadmium Counci l ,  Inc., New York 

4 .  Submit ted b y  Joe l  C. Gaylos. U.S. Army Environmental Hygiene Agency, 
Aberdeen P rov ing  Ground, Maryland. 

Updated Mutagen ic i ty  and Carc inogen ic i t y  Assessment o f  Cadmium, Addendum 
t o  t h e  H e a l t h  Assessment Document f o r  Cadmium (May 1981, 
EPA-600/8-81-023 ) , EPA-600/8-83-0258, Ap r i  1 1984. 

5. Submit ted b y  L a r r y  Sweetser , Sani t a r y  F i  11 Company, San Franc isco  : 

Fr ibe rg ,  Lars, 1979. Handbook o f  Toxicology o f  Metals,  Nor th  Ho l l and  
Biomedical Press. 



ATTACHMENT 111 

Ambient Cadmium Concentrations and 
Emission Trends 

Data from the U.S. Environmental Protection Agency's National Aerometric 

Data Bank for  the 1964 t o  1985 period show mean cadmium concentrations between 

3 0 (below detectable l i m i t )  and 125 ng/m . A t  s t a t i ons  where more than 50 

percent of the samples were above the detection l i m i t  fo r  sampling periods 

between 1976 and 1984, mean cadmium concentrations ranged from 0.4 t o  3.0 

ng/mJ. These data represent t o t a l  pa r t i cu l a t e  cadmium 50 um and smaller 

col lected from ambient a i r  a t  s i t e s  throughout California.  

Cadmium o r  i t s  compounds a re  used i n  the  production of pigments, a l loys ,  

and nickel-cadmium ba t t e r i e s ,  as  s t a b i l i z e r s  for  p l a s t i c s ,  and i n  cadmium 

plating.  Potential  sources of cadmium in a i r  a r e  emissions from secondary 

a n o n - f e r r o u s  smelting, secondary s tee l  production, fo s s i l  fuel combustion, 

refuse and sewage sludge incinerat ion,  cadmium e lec t rop la t ing ,  and 

manufacturing of cadmium-containing 'products. Investigations are under way t o  

determine the magnitude of emissions i n  California from these and other types 

of sourtes .  

United S ta tes  demand f o r  cadmium is expected t o  increase a t  an average 

annual r a t e  of 1 .8  percent through 1990. 



J.zm.s Boyd 
Executive Officer 
;L- Resources B x r d  
1102 Q Street 
Scranr~to ,  CA 95814 
9-4 

'Om : O£fice of the Director 
811253 5-1248 

me : July 17 ,  1985 

,ject: Request for Extension 
of Cadmium Health 
Fmluation 

D;le tu tile expcL& a r r s ~ ~ l  of rczs~tly up&td. Lzfomtion on cahilm f~~ 
the U.S. mviromntzl Protection Agency, we are requesting a 30-day extension 
tc Acqust 9, 1985 for submission of t\e cadmium document. 

K err M.D., M.P.H. 
Director : 



itate df California 

James Boyd, Executive Officer 
Air Resources Board 
1102 Q Street 
Sacramento. CA 

%om : Office of the Director 
714 P Street, Room 1253 
Sacramento, CA 

Department of Health Services 

Sub!+ : Cadmium Document 

R E C E I V E D  

Stationury ?.ov.tc 
Divisic" 

Air Resources Board 

I have been informed the Department of Health Services will be unable to 
meet the August 9, 1985 due date for submission of the cadmium document 
because it has taken longer than anticipated to complete tne document. 
It is expected to be completed by August 23, 1985. We are requesting an 
extension until August 26, 1985. Thank you for your patience. 

k""* 
Maridee Gregory, M.D. 
Acting Deputy Director 
Public Health 

cc: Kenneth i?. Rizer, M.D., M.P.H. 
Alex Kelter, 3.D. 
Donald Lyman, 01.D. 

Stotionoy Source 
Division 

~i~ Resources Board 



Stole of California 

M e m o r a n d u m  

; James D. Boyd 
E x e c u t i v e  O f f i c e r  
A i r  R e s o u r c e s  Board 
i102 Q S t r e e t  

Dote : October 10, 1985 

Subiefl: H e a l t h  ~ f  f e c t s  
of Cadmium 

Sac ramen to  
B-4 

: O f f i c e  o f  t h e  D i r e c t o r  
8 / 1 2 5 3  5 - 1 2 4 8  

A t t a c h e d  i s  t h e  document  p r e p a r e d  i n  r e s p o n s e  t o  y o u r  memo 
r e q u e s t i n g  t h e  a s s i s t a n c e  o f  t h e  Depar tment  of  H e a l t h  S e r v i c e s  
i n  e v a l u a t i n g  t h e  h e a l t h  e f f e c t s  of  cadmium. 

D i r e c t o r  /' 

c c :  C .  B e r r y h i l l  - w/o a t t a c h m e n t  
J. S h a r p l e s s  - w/o a t t a c h m e n t  
Assemblymember Tanner  - w/o a t t a c h m e n t  
P .  V e n t x i n i  - - d / o  a t t a t t n e n t  



APPENDIX C 
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DISCUSSION OF EMISSION'ESTIMATES 



APPENDIX C 

I. STATIONARY SOURCES 

1. C a d m i u m P l a t i n q :  

There  a r e  31 cadmium p l a t e r s  i n  t h e  South Coast  A i r  Bas in  wh ich  

e m i t t e d  0.22 t o n  o f  cadmium i n  1982. The r a t i o  o f  cadmium p l a t e r s  

t o  chrome p l a t e r s  i n  t h e  South  Coast A i r  Bas in  i s  a p p r o x i m a t e l y  0..20 

t o  1.0 (Zwiacher  e t  a l . ,  1983, pp. 207-214). I t  i s  e s t i m a t e d  t h a t  

t h e r e  a r e  400 chrome p l a t e r s  i n  C a l i f o r n i a  (CARE, 1985). Assuming 

t h e  r a t i o  o f  cadmium t o  chrome p l a t e r s  i n  t h e  s t a t e  i s  t h e  same as 

i n  t h e  South Coast ,  a p p r o x i m a t e l y  80 cadmium p l a t e r s  a r e  o p e r a t i n g  

i n  C a l i f o r n i a .  Cadmium emiss ions  f rom t h i s  source a r e  e s t i m a t e d  as 

f o l  1  ows : 

EMS = (80  p l a t e r s l 3 1  p l a t e r s )  (0.22 t o n l y e a r )  = 0.57 t o n l y e a r  

2. Coal Combustion: ( S i e r r a  Energy & R i s k  Assessment, Inc. ,  1982). 

a. Cement Manu fac tu r ing :  

* Consumption i n  1984 = 1,600,000 t o n s  

* Emiss ion f a c t o r  = 2.03 x  l b .  Cd/ton 

(K r i shnan ,  e t  a l . ,  1982)  

* Ems = (1  ,600,000 t o n s l y r )  (2.03 x  l b  C d l t o n )  

( ton/2,000 l b s )  = 0.16 t o n l y r  

b. Cogenerat ion:  

* Consumption i n  1981 = 240,000 t o n s  

* Emiss ion f a c t o r  = 1.3 x  l b .  Cd/ton 

(K r i shnan ,  e t  a l . ,  1982)  

* Ems = (240,000 t o n s l y r )  (1.3 x  l b  ~ d / t o n )  

( ton/2,000 1  b s )  = 0.02 t o n l y r  



b. Sugar Beet Processing: 

* Consumption i n  1981 = 25,000 tons 

* Emission f a c t o r  = 9.1 x l b .  Cd/ton 

(Krishnan e t  al., 1982) 

* Ems = (25,000 tons l y r . )  (9.1 x  l b  Cdl ton)  

(ton/2,000 1  bs.) = 0.01 t o n l y r .  

Together, cadmium emissions from coal combustion amounted t o  0.19 

ton  i n  1981. 

3. Residual O i l :  

C a l i f o r n i a  burned approximate ly  1.44 b i l l  i o n  ga l lons  o f  

res idua l  o i l  i n  1984 (CARB, 1986a; CARB, 1986b). O f  t h i s ,  u t i l i t i e s  

burned approximate ly  16 percent  a t  t h e i r  power p lan ts .  One u t i l i t y ,  

Southern C a l i f o r n i a  Edison (sCE) used o n l y  2.2% o f  the  res idua l  o i l  

burned (CARB, 1986a; CARE 1986b; CARB 1 9 8 6 ~ ) .  Emissions f o r  

res idua l  o i l  combustion were est imated us ing  cadmium concentrat ions 

o f  f u e l  o i l  repor ted  by SCE and P a c i f i c  Gas and E l e c t r i c  Company 

(PG&E) (SCE, 1986; PG&E, 1986), and the  amount o f  res idua l  o i l  

burned i n  C a l i f o r n i a  (CARB, 1986a). 

SCE - PG&E - 
Cadmium concent ra t ion  (ppm) 0.01 0.31-0.52 

Assuming a l l  cadmium i n  t h e  res idua l  o i l  i s  em i t t ed  i n t o  the  

atmosphere upon combustion, cadmium emissions were est imated as 

f o l l  ows : 



a. U t i l i t y  Bo i l e rs :  

C a l i f o r n i a  u t i l i t i e s  used approximate ly  232.3 m i l l i o n  ga l lons  

o f  res idua l  o i l  i n  1984 (CARB, 1986a). Cadmium emissions from 

res idua l  o i l  burned a t  u t i l i t i e s  a re  est imated us ing  equat ion I. 

EMS = PR * D * Cc * U; 1 
(1 

Where : 

Ems = cadmium emissions, tons per year  

PR = Process Rate, m i l l i o n s  o f  ga l l ons l yea r  

D = Densi ty  o f  res idua l  o i l  (8.2 lb. /gal.) ,  lb . /gal .  

Cc = Cadmium concent ra t ion  o f  res idua l  o i l ,  ppm 

Uf = U n i t  convers ion f a c t o r  (2000), l b . / t on  

Ems 

Lower ( t p y )  Upper ( t p y )  

0.01 0.50 

Note : Data on cadmium concent ra t ion  from SCE were used t o  

es t imate  t h e  lower  number w h i l e  the  h ighes t  cadmium 

concent ra t ion  i n  f u e l  o i l  as repor ted by PG&E was used t o  

est imate t h e  upper number. 

b. Other Sources: 

Besides be ing  used a t  u t i l i t i e s ,  res idua l  o i l  i s  used i n  

chemical manufactur ing and o i l  and gas e x t r a c t i o n  a c t i v i t i e s  and i n  

ships. I n  1984, approximate ly  1.21 b i l l i o n  ga l lons  o f  res idua l  

and/or crude o i l  were used by  such sources (CARB, 1986a; CARB, 



1986b). Because t h e  SCE fue l  cadmium content  da ta  a r e  only 

app l i cab le  t o  t h e  South Coast u t i l i t i e s  and r e f i n e r i e s  (probably 

only SCE, because SCE used fore ign  o i l s  with very low s u l f u r  
0 

con ten t ,  0.17% t o  0.18% (Stepman, 1986) ,  and because t h e  South Coast 

i n d u s t r i e s  only used approximately 0.6 percent  (CARE, 1986a; C A R B ,  

1986b; CARB,  1986d; CARB,  1986e) of  t o t a l  res idual  o i l  burned by 

sources i n  t h i s  ca t egory ,  on ly  da ta  from PG&E a r e  used to  e s t ima te  

cadmium emissions. Equation I i s  a l s o  app l i cab le  f o r  t h i s  

category. Estimated cadmium emissions a r e  a s  fol lows:  

Ems 

Lower ( t p y )  Upper ( t p y )  

1.5 2.6 

Adding emissions f o r  u t i l i t y  b o i l e r s  t o  t h a t  f o r  o t h e r  sources ,  t h e  

s ta tewide  cadmium emissions from res idual  o i l  combustion a r e  

est imated t o  range from 1.5 t o  3.1 tons  in 1984. 

C 

Secondary Smelters:  

a. Copper: 

The Ca l i fo rn ia  Emission Data System i d e n t i f i e s  71 copper 

sme l t e r s  i n  Ca l i fo rn ia .  Together,  t h e s e  f a c i l i t i e s  consumed 

54,100 t o n s  of copper s c r a p  i n  1981 ( C A R E ,  1 9 8 5 ~ ) .  An 

uncont ro l led  emission f a c t o r  o f  3 l b s .  Cd/ton of  copper s c r a p  

was repor ted  (Coleman, R . ,  1979). Assuming 90 percent  cont ro l  , 

cadmium emissions from these  copper sme l t e r s  a re :  

Ems = (1.0 - 0.90) * PR * Emfac 

= 0.10 * 54,100 tons ly r .  * 3 lb.  Cd/ton * ton/2,000 l b s  

= 8.1 tons ly r .  



b. Z inc :  

Process Rate = 51,900 t o n s  o f  z i n c  were produced i n  1981 (CARB, 

1 9 8 5 ~ ) .  

Emfac = 0.01 lb .  C d l t o n  o f  z i n c  produced (Coleman, R., 1979) 

Ems = PR * Emfac 

= 51,900 t o n l y r .  * 0.01 l b .  Cdf ton * ton/2,000 1bs  

= 0.26 t o n f y r .  

5. Cement Manu fac tu r ing :  

I n  1984, C a l i f o r n i a  cement m a n u f a c t u r i n g  p l a n t s  produced 8,722,000 

t o n s  o f  cement (U.S. DOI, 1985) and e m i t t e d  a p p r o x i m a t e l y  3,030 tons  

o f  PM (CARB, 1985d) e x c l u d i n g  PM emiss ions f rom f u e l .  

Assuming t h e  cadmium c o n c e n t r a t i o n  i n  t h e  cement k i l n  d u s t  removed 

f rom t h e  r o t a r y  k i l n  baghouse o r  ESP equals  t h e  cadmium 

c o n c e n t r a t i o n  i n  t h e  p a r t i c u l a t e  m a t t e r ,  cadmium emiss ions f rom 

cement m a n u f a c t u r i n g  can be e s t i m a t e d  f rom t o t a l  PM emiss ions and 

t h e  Cd c o n c e n t r a t i o n  i n  cement k i l n  dust .  

Cadmium c o n c e n t r a t i o n  i n  cement k i l n  d u s t  f rom 9  C a l i f o r n i a  cement 

p l a n t s  ranged f rom 5  ppm t o  352 ppm and averaged 79 ppm (Haynes and 

Cramer, 1982; CARB, 1985e). U s i n g  these d a t a  and t h e  t o t a l  PM 

emiss ion,  t h e  1984 cadmium emiss ions  f rom C a l i f o r n i a  cement p l a n t s  

a r e  e s t i m a t e d  t o  be: 

Lower E s t i m a t e  

(TPY) 

0.01 5 

Upper E s t i m a t e  

(TPY) 

1.1 

E s t i m a t e  based on mean 
Cd c o n c e n t r a t i o n  



6. Resource Recovery: 

Cooper Engineers,  Inc. repor ted  an uncontrol led emission f a c t o r  o f  

3.04 x lb.  Cd per mi l l ion  B t u  of s o l i d  waste heat  content  

0 
(Cooper Engineers, Inc., 1984). The emission f a c t o r  was obtained 

from tes t  r e s u l t s  conducted a t  t h e  Ga l l a t in  municipal 

waste-to-energy f a c i l i t y  i n  Tennessee. I t  was assumed an overa l l  of 

99% con t ro l l ed  by app l i ca t ion  of f a b r i c  f i l t e r s  ( C A R B ,  1984). The 

con t ro l l ed  emission f a c t o r ,  assuming 99% con t ro l l ed ,  i s  t he re fo re  

3.06 x l b .  Cd per mi l l ion  B t u .  

Annual average waste burned a t  t he  North County Recycling and Energy 

8 Recovery Center i s  46.5 t o n s / h r  o r  5.21 x 10 B t u / h r . ,  assuming 

waste has an energy of 5,600 B t u / l b .  (CARB,  1984). I f  the  Center 

opera tes  24 hrs lday ,  7 days/week and 50 weekslyr., cadmium emissions 

from t h i s  f a c i l i t y  i s  ca l cu la t ed  a s  follows: * 
Ems = PR * Emfac 

8  
= 5.21 x 10 Btu/hr. * 8400 hrs lyr .  * 3.04 x lb/106 

B t u  

= 13.3 l b s l y r .  

7 .  F e r t i l i z e r :  

* Superphosphate applied in 1983 = 6,000 tons (Cushman, R. ,  1984) 

* Emission f a c t o r  = 0.0002 lb .  Cd/ton of superphosphate applied.  

Ems = (6,000 tons iy r . )  (0.0002 lb.  Cd/ton) 

= 1.2 l b s l y r .  



11. MOBILE SOURCES 

e 1. Combustion: 

a. Gaso l ine :  

Mo to r  gas01 i n e  consumpt ion i n  1984 = 1.224 x 10'' g a l l o n s  

(Morgester ,  J., 1985). An average cadmium c o n t e n t  o f  g a s o l i n e  

i s  0.02 m g l l  o r  1.67 x l o m 7  l b s / g a l .  (Lee e t  a l . ,  1973). 

Assuming a l l  cadmium i n  g a s o l i n e  i s  e m i t t e d  f rom v e h i c u l a r  

exhaus t  upon combust ion,  cadmium emiss ions  f rom g a s o l i n e  

combust ion a r e  c a l c u l a t e d  as f o l l o w s :  

Ems = 1.224 x 10'' g a l s l y r .  * 1.7 x  l b s / g a l .  * 

ton/2,000 l b s .  = 1.0 t o n / y r .  

b. D i e s e l  Fuel : 

D i e s e l  f u e l  consumed i n  1983 b y  C a l i f o r n i a  m o t o r  v e h i c l e s  was 

9  . e s t i m a t e d  t o  be 1.46 x 10 g a l l o n s  (CARB, 1983). Cadmium 

3  c o n t e n t  o f  d i e s e l  f u e l  i s  0.08 g/m o r  6.7 x l b s l g a l .  

( T i e r n e y ,  e t  a l . ,  1979).  Based on e s t i m a t e s  made i n  1983 o f  

consumpt ion o f  d i e s e l  f u e l  i n  1984, and assuming a l l  cadmium i n  

d i e s e l  f u e l  i s  e m i t t e d ,  cadmium emiss ions  f rom d iese l -powered  

v e h i c l e s  a r e  e s t i m a t e d  as f o l l o w s :  

9  Ems = 1.46 x 10 g a l l y r .  * 6.7 x l o - '  l b .  Cd/gal. * 

ton/2,000 l b s .  = 0.5 t o n l y r .  

c. Mo to r  O i l :  

I n  1984, VMT d r i v e n  b y  m o t o r  v e h i c l e s  i n  C a l i f o r n i a  were 

e s t i m a t e d  t o  be 1.67 x 10" (CARB, 1983). An e s t i m a t e d  

emiss ion  f a c t o r  o f  0.6 gram o f  cadmium e m i t t e d  p e r  m i l l  i o n  

k i l o m e t e r s  d r i v e n ,  o r  2.12 l b s .  o f  cadmium e m i t t e d  pe r  b i l l i o n  



VMT d r i ven ,  was repor ted  (T ie rney ,  e t  al . ,  1979). Cadmium emissions 

from t h i s  source a re  est imated as fo l l ows :  

Ems = 1.67 x 10" VMT/yr. * 2.12 x lo - '  l b .  Cd/VMT 

ton/2,000 l bs .  = 0.2 t o n l y r .  

Together, cadmium emissions from combustion o f  f u e l  and o i l  i n  motor 

v e h i c l e s  a re  est imated as 1.7 tons i n  1984. 

2. T i r e  Wear: 

For every m i l l i o n  k i l ome te rs  d r iven ,  3 grams o f  cadmium are emi t ted  

(0.11 lb .  o f  cadmium per b i l l  i o n  VMT d r i v e n )  (T ierney,  e t  a l . ,  

1979). Cadmium emissions from wear-and t e a r  o f  v e h i c l e  t i r e s  a re  

est imated as fo l l ows :  

Ems = 1.67 x 10" VMTIY~. * 0.11 i b .  C ~ / V M T  * ton12.000 i bs .  

= 0.9 t o n l y r .  
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APPENDIX D 

ARB ANALYTICAL METHODS FOR SAMPLING AND 
ANALYSIS OF ATMOSPHERIC CADMIUM 



Method f o r  Sampling and Ana lys i s  o f  Atmospheric 
Cadmi urn 

Method 109 

1. Method 

1.1 Ambient a i r  suspended p a r t i c u l a t e  i s  c o l l e c t e d  on a g lass  
f i b e r  f i l t e r  f o r  24 hours us ing  a high-volume sampler. 

1.2 The cadmium i n  the p a r t i c u l a t e  sample i s  s o l u b i l i z e d  by 
e x t r a c t i o n  w i t h  n i t r i c  ac id ,  f a c i l i t a t e d  by.  u l  t r a s o n i c a t i o n .  

1.3 The cadmium content  i n  ambient p a r t i c u l a t e  samples i s  analyzed 
by flame atomic abso rp t i on  spectrometry,  us ing  an e lec t rode less  
discharge lamp, a wavelength o f  228.8 nm, a continuum source 
background c o r r e c t i o n ,  and t h e  optimum ins t rumen ta l  c o n d i t i o n s  
recomended by t h e  manufacturer .  

1.4 I f  the  cadmium con ten t  o f  the  sample i s  below the d e t e c t i o n  
l i m i t  o f  the flame atomic abso rp t i on  spectrophotometer,  the 
heated g r a p h i t e  furnace ( f l ame less  AA) i s  used! 

2 .  Apparatus & Suppl ies 

2.1 The hi-volurce sampler used t o  c o l l e c t  the  sampler i s  descr ibed 
i n  Appendix D, "Trocedure f o r  Use o f  a High-Volume Sampler" 
( A i r  Resources Board Procedures Sampling and Ana lys is  o f  
Atmospheric Toxi cs)  . 

2.2 Heated u l t r a s o n i c  water  bath. 

2 . 3  Atomic Absorpt ion (AA) Spectrophotometer equipped f o r  automated 
flame and f lameless  analyses ( g r a p h i t e  furnace, and Cd e lec t rode less  
discharge lamp. 

2.4 Zero a i r  - f o r  f lame a n a l y s i s .  

2.5 Acetylene - f o r  f lame ana lys i s  

2.6 Argon - f o r  f lameless ( g r a p h i t e  furnace)  ana lys i s .  

2 .7  Associated glassware: vo lu rce t r i c  f lasks,  p i p e t t e s ,  100 mL t e s t  tubes, 
mix ing  c y l i n d e r  o r  c e n t r i f u y s  tubes w i t h  caps, furinels ( f o r  f i l t e r i n g  
samples, i f  des i red ) .  

0 2.8 Polyethy lene b o t t l e s .  For s torage o f  samples. 

2.9 Cent r i fuge - i f  des i red  ( i n  l i e u  o f  f i l t r a t i o n ) .  



3. Reagents 

3.1 Concentrated (16 M )  HN03 ACS reagent grade HN03 and 
comnercial ly  avai lable  r ed i s t i  1 led HNO3 has been found 
t o  have su f f i c i en t ly  low metal concentrations. 

3.2 Dis t i l l ed  o r  deionized water (metal f r ee ) .  

3.3 3 M HN03 - Add 182 mL of concentrated HNO3 t o  0.1. water in  a 
1 L volumetric f lask .  Mix wel l ,  cool,  and d i lu t e  t o  volume 
with D.I. water. CAUTION: Ni t r i c  acid f u w s  are  toxic .  
Prepare i n  a well-venti lated hood. 

3.4 1 M HN03 - add 60.7 mL of concentrated EN03 t o  D.I. water i n  a 
1 L volumetric f l a sk .  Mix well ,  cool, and d i lu t e  t o  volume 
w i t h  D.I. water. 

3.5 Cadmium, 1000 ppm atomic absorption standard - commercially 
avai lable .  

4. Sample Preparation 

4.1 The f i l t e r  on which the sample i s  col lected i s  prepared f o r  
analysis  by ul t rasonic  ex t rac t ion .  Prepare a clean f i l t e r  
(with no sample co l lec ted)  t o  serve as the sample f i l t e r  alaqk. 

4.2 C u t  one quar ter  of the f i l t e r  sample into  pieces of approximately 
1 an. square and place i n  a 100 mL centrifuge o r  t e s t  tube.  

4.3 Add 33.3 mL of 3M HN03 using a pre-set  cal ibrated automatic 
dispensing p ipe t te  ( the  acid should cover the cu t  f i l t e r  pieces 
completely). 

4.4 Cap the centr i fuge o r  t e s t  tubes loosely t o  prevent pressure 
bui ld-up during the ul trasoni cat ion.  

4.5 Place tubes i n  a t e s t  tube rack. 

4.6 P u t  enough water i n  a clean ul t rasonic  bath so t h a t  the water 
level i s  s l i gh t ly  above the acid level of the  tubes in the rack. 
Heat the water i n  the bath t o  around 1800F. 

- 
4.7 Se t  the rack i n  the u l t rasonic  bath. 

4.8 Ultrasonicate the samples f o r  50 minutes. 

4.9 Remove the tubes from the bath and add 66.7 mL water t o  each 
of the tubes. 

4.10 Cap tubes loosely and ul t rasonicate  fo r  another 15 minutes. 

-2- 



Fil ter  or centrifuge the contents of the tubes. If the tubes are 
centrifuged, decant the supernatant. Use the f i l t r a t e  (or 
supernatant 1 iquid) for analysis. 

4.12 The final concentration of n i t r i c  acid in the samples i s  1 M. 

5 .  Instrument Conditions 

5.1 Prepare the instrument for  flame or flameless operation (follow 
manufacturers recomnded operating conditions). 
Set the wavelength of the atomic absorption spectrophotomter 
a t  228.8 nm. 

6 .  Cali brati on 

6.1 Stock standard solution - 1000 ppm cadrcium solution. 
Available commercially as atomic absorption standard. 

6.2 I n t e m d i a t e  standard - 100 ug Cd/mL. Prepare by diluting 
10 mL of stock standard t o  100 mL with 1 M HNO3. 

6.3 Calibration standard -0.50 pg Cd/mL ( for  flame). Prepare by 
diluting 1.0 mL of the intermediate standard to 200 mL with 
1 M HNO3. For flameless AA, prepare a calibration standard 
of .O1 ug Cd/mL. 

6.4 Aspirate the reagent blank ( 1  M HN03) to  zero the instrument. 

6.5 Aspirate the calibration standard to  calibrate the instrument. 

6.6 Plot the absorbance vs. pg Cd/mL to give the calibration curve 
i f  automatic calibration i s  not available in the instrumnt.  
PE 3030 AA calibrates automatically. 

7. Sample Analysis 

7 .1  Aspirate the samples and f i l t e r  blanks. Record thei r  absorbances. 

7 . 2  Oetennine the cadmium concentration in pg Cd/mL from the 
calibration curve ( P E  3030 can do this  automatically ) . Subtract 
the amount of Cd found i n  the f i l t e r  blanks from those found 
in the samples. 

7.3 Samples t h a t  exceed the linear concentration range should be 
diluted with 1 M HN03 then reanalyzed. 



8. Calculations 

8.1 Determine from the ca l ib ra t ion  curve the concentration of Cd 
found i n  the samples and blanks in  vg/mL. The PE 3030'KAdoes 
t h i s  automatically 

8.2. Calculate the concentration of Cd i n  the pa r t i cu l a t e  sample 
as  follows: 

p cd = p cd* x 100 mL * x di ln f a c t o r  ( i f  any) x 4 *** + *  
*ug Cd/mL = (pg CD/mL found in sample -vg Cd/mL found i n  f i l t e r  blank! 

** f i n a l  volume of the  e x t r a c t  solut ion 

*?* i f  1/4 of f i l t e r  i s  used. 

9. Precision and AccuracL 

Single laboratory,  s ingle  operator data were col lected f o r  Cd using 
automated flame atomic absorption technique w i t h  background correct ion.  
2 and 5 ug Cd were spiked on 1 /4  EPM Whatman 2000 g lass  f i b r e  f i  1 te rs  
and extracted according t o  the procedure given above . Recovery values 
( 7 )  from several rep l ica tes  are  given below. 

~CJIJ Cd # rep l ica tes  % Recovery 
m i  
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